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ABSTRACT 


With  the  advancement  of  modern  day  high-energy  welding  technology, 
electron  beam  (KB)  welding  shows  promise  for  application  to 
specialized  areas  of  welding  fabrication  in  the  shipbuilding 
industry.  The  findings  of  this  report  indicate  that  KB  welding 
can  be  compared  to  the  conventional  methods  of  welding  in  the 
shipbuilding  industry  and  be  feasible  as  a  long  term  investment. 
With  the  present  day  state-of-the-art  minicomputers  and  automatic 
tracking  systems,  KB  welding  could  be  readily  adapted  to 
production  line  fabrication  such  as  is  required  for  the  flat  panel 
and  T-stiffener  to  panel  assembly  areas. 
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INTRODUCTION 


The  purpose  of  this  report  is  to  assess  the  feasibility  of 
applying  a  high  energy  beam  welding  process  such  as  electron  beam 
welding  to  the  shipbuilding  industry.  With  the  advantages  of  KB 
welding  being  deep  penetration  and  high  travel  speeds  with  minimal 
distortion,  the  shipyard  would  be  able  to  apply  this  process  to 
increase  both  productivity  and  decrease  cost,  when  compared  to 
conventional  welding  processes. 

To  pinpoint  the  specialized  areas  where  KB  welding  could  be 
applied,  field  trips  were  made  to  preselected  shipyards.  The 
fabrication  areas  which  showed  application  for  KB  welding  were:  1) 
flat  panel/deck  fabrication,  2)  T-stiffener  to  panel  assembly,  3) 
pipe  welding  and  4)  T-stiffener  web  to  flange  welding. 

Each  fabrication  area  and  the  method  of  EB  welding  most  likely  to 
be  adapted  was  analyzed.  Due  to  the  size  limitations  of  the 
shipyard  assemblies  to  be  EB  welded,  the  three  following  concepts 
appear  to  be  the  most  feasible:  1)  mobile  or  sliding  seal  KB 
welding,  2)  non-vacuum  EB  welding  and  3)  large  chamber  EB  welding. 

Each  concept  would  have  a  certain  advantage  if  applied  to  that 
specific  fabrication  area  in  the  shipyard. 

As  part  of  the  study  for  this  report,  a  survey  was  taken  of  the 
domestic  electron  beam  manufacturers  and  the  users  of  the 
equipment  they  produce.  The  EB  manufacturers  which  the  data  was 
received  from  are  1)  Leybold  Heraeus  Vacuum  Systems,  2)  Sciaky 
Bros,  and  3)  MG  Industries  -  Steigerwald  Systems. 

An  economic  coBt  comparison  between  welding  a  1  inch  and  1—1/2 
inch  thick  panel  assembly  with  the  automatic  submerged  arc  process 
and  the  electron  beam  process  was  presented  With  the  task  | 
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manhours  included,  KB  welding  showed  an  31*  cost  savings  for  the  1 
inch  thick  panel  assembly  and  a  43*  cost  savings  for  the  1-1/2 
inch  thick  panel  assembly  as  compared  with  two  sided  submerged  arc 
welding  process.  Capital  costs  of  equipment  were  not  included. 

Other  areas  of  electron  beam  welding  such  as  metallurgical  and 
mechanical  properties  of  EB  welded  shipbuilding  steels,  defects 
and  the  safety  considerations  of  EB  welding  are  also  discussed  in 
this  report. 


Fundam en  t  a  1 s  o  f  t  he  E 1 ectron  Beam  Welding  Process 

Electron  beam  welding  is  a  high  energy  fusion  process  that  is 
accomplished  by  bombarding  the  joint  to  be  welded  with  a 
concentrated  beam  of  electrons  that  have  been  accelerated  to  a 
velocity  about  2/3  the  speed  of  light.  As  the  electrons  impact 
the  material,  they  give  up  their  kinetic  energy  in  the  form  of 
heat  which  inturn  causes  localized  vaporization.  The  reaction 
force  from  the  vapor  produces  the  presence  of  a  local  molten  area 
beneath  the  vapor.  This  process  continues  until  the  desired  depth 
of  the  "keyhole"  as  shown  in  Figure  1,  is  achieved.  The  depth  of 
the  weld  is  determined  by  the  power  input  and  the  speed  at  which 
the  beam  is  moved  along  the  joint.  When  the  beam  moves  forward, 
it  heats  more  strongly  the  leading  surface  of  the  cavity  and  the 
molten  metal  is  thrown  back  behind  the  beam  exposing  a  solid 
surface  which  inturn  is  melted  and  the  molten  metal  passes  to  the 
rear  and  solidifies  thus  forming  a  weld  with  deep  narrow  sides. 


FIGURE  l  REPRESENTATION  OF  THE  MECHANISM  OF  FULL 

THICKNESS  PENETRATION  ELECTRON  BEAM  WELDING 

The  beam  of  electrons  is  generated  in  an  electron  gun  by  heating  a 
negatively  charged  emitting  material  to  its  t.hermonic  emission 
temperature  range.  In  this  event,  tree  electrons  are  "boiled  off" 
this  emitter  and  are  given  speed  and  direction  by  their  attraction 
to  a  positively  charged  anode.  A  precisely  contoured  electrode 
surrounding  the  emitter  electrostat  ienlly  shapes  the  electrons 
into  a  beam . 

In  a  diode  (cathode  anode)  electron  gun,  the  beam  shaping 
electrode  and  the  emitter  are  both  at  the  same  electrical 
potential  and  together  are  referred  to  as  the  cathode. 


In  a  triode  ( cathode-gr i d  anode)  electron  gun,  the  emitter  is  at 
one  potential  and  the  beam  shaping  electrode  can  be  biased  to  a 
slightly  more  negative  potential  to  control  the  beam  current.  For 
this  case,  the  emitter  is  referred  to  as  the  cathode  and  the 
shaping  electrode  is  called  the  bias  electrode  or  grid  cup. 

A  magnetic  focusing  lens  is  used  to  reduce  the  diameter  of  the 
electron  beam  and  focus  the  stream  of  electrons  down  to  the 
concentrated  beam  that  contacts  the  work  surface.  Also  a  magnetic 
deflection  coil  can  be  used  to  "bend"  the  beam  thus  providing  a 
means  for  moving  the  focused  beam  spot  to  the  desired  point  of 
contact.  The  auxiliary  mechanical  and  electrical  components  in 
(-on  junct  ion  with  the  electron  beam  gun  are  commonly  called  the 
electron  beam  gun  column  assembly.  Figure  2  illustrates  the  main 
elements  of  the  electron  beam  gun  column. 


FIGURE  2  MAIN  ELEMENTS  OF  THE  ELECTRON  BEAM  GUN  COLUMN 


Depending  upon  the  required  capabilities  of  the  electron  gun,  it 
can  be  designed  by  the  manufacturer  to  achieve  various 
accelerating  voltage  levels.  If  the  gun  is  designed  to  operate  in 
the  60KV  range,  it  is  considered  low  voltage.  If  operation  is  in 
the  150KV  range  it  is  considered  high  voltage.  The  main  advantage 
of  using  an  electron  beam  gun  with  high  voltage  capabilities  is 
the  longer  gun-to-work  distances  possible  and  the  high  power  spot 
densities  at  low  beam  currents  which  results  in  lower  emission  and 
longer  filament  life. 

The  essential  variables  which  control  the  desired  weld  result  of 
BB  welding  are  the  accelerating  voltage  (kinetic  energy  of  the 
electrons),  the  beam  current  (number  of  electrons  per  second),  the 
travel  speed,  beam  spot  size  and  the  standoff  distance  between  the 
gun  assembly  and  the  workpiece.  Increasing  the  accelerating 
voltage  or  the  beam  current  or  decreasing  the  travel  speed  without 
changing  any  other  penetrameters  will  increase  the  penetration 
depth  of  the  beam. 


The  beam  spot  size  which  is  focused  on  the  workpiece  is  determined 
by  the  gun  and  electron  optics  used,  the  focusing  current,  the 
stundoff  distance  between  the  gun  assembly  and  the  workpiece,  the 
accelerating  voltage  and  the  beam  current.  By  changing  any  of 
these  variables  to  increase  beam  spot  size  will  in  effect  reduce 
depth  of  penetration  and  increase  weld  width  if  the  welding  speed 
is  left  unchanged.  The  normal  beam  spot  diameter  used  for  EB 
welding  varies  from  0.005  to  0.050  in.  depending  upon  the  power 
used . 

The  power  density  of  the  electron  beam  is  in  the  range  of  104  to 
107  watts/cm2  which  results  in  deeper  penetration  and  higher 
welding  speeds  as  compared  with  conventional  welding  processes. 


The  electron  beam  gun  is  normally  isolated  from  the  welding 
chamber  through  the  use  of  valves.  This  would  allow  the  gun  to  be 
maintained  in  a  vacuum  in  the  order  of  1  x  10~4  torr  (high  vacuum) 
while  the  welding  chamber  can  be  vented  to  atmosphere  to  allow 
access  to  the  chamber  when  welding  is  not  taking  place.  The  high 
level  of  vacuum  on  the  gun  is  required  to  maintain  the  gun 
component  cleanliness,  prevent  oxidation  and  to  prevent  arcing 
between  the  electrodes  at  various  potentials.  It  is  beneficial  to 
have  the  welding  chamber  vacuum  at  the  same  degree  of  vacuum  to 
minimize  the  scattering  of  the  beam  electrons  from  collisions  with 
residual  air  molecules  inside  the  welding  chamber  during  welding.1 


KB  Welding  can  be  classified  into  three  distinct  inodes  of  welding 
depending  upon  the  operating  pressure  at  the  workpiece.  1)  High 
vacuum  (EBW-HV),  where  the  workpiece  is  in  an  ambient  pressure 
ranging  from  10'6  to  10-3  torr*  2)  medium  vacuum  (EBW-MV),  where 
the  workpiece  is  in  a  vacuum  ranging  from  10~3  to  25  torr  3) 
non-vacuum  (EBW-NV),  where  the  workpiece  is  welded  at  atmospheric 
pressure  in  air  or  in  a  protective  gas  coverage  such  as  Helium  or 
Argon.  In  all  cases,  the  electron  beam  gun  must  be  held  at  a 
pressure  of  10~4  torr  or  less  for  stable  and  efficient  operation. 

High  vacuum  and  medium  vacuum  welding  are  done  inside  a  vacuum 
chamber.  The  medium  vacuum  welding  retains  most  of  the  advantages 
of  high  vacuum  welding  but  due  to  the  shorter  pumpdown  time 
(especially  in  large  chambers),  capabilities  are  improved. 
Performance  production  test  have  shown  that  relatively  narrow  EB 
welds  can  be  completed  at  chamber  pressures  of  25  microns  and 
still  be  acceptable.  If  the  chamber  pressure  becomes  excessive 
the  beam  scatters  and  the  working  distance  from  the  gun  has  to  be 
decreased  significantly  to  produce  a  narrow  weld.  Figure  3  shows 
the  effect  of  welding  chamber  pressure  on  penetration  and  weld 
shape . 
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liUURK  3  EFFECT  OF  WELDING  CHAMBER  PRESSURE  ON 
laNttkailON  AND  WELD  SHAPE 

A  comparison  of  various  vacuum  levels  will  help  the  understanding 
of  the  interaction  between  "hard"  and  "soft"  vacuum  levels.  For 
chamber  pressures  normally  utilized  for  EB  welding,  the  number  of 
gas  molecules  present  in  a  cube  0.001  inches  on  a  side  (volume 
10  6  cubic  inches)  and  a  relative  frequency  of  molecular 
:ol 1  is  ions  is  as  follows: 


•  A  torr  is  the  term  for  a  pressure  of  one  millimeter  of  mercury, 
tue  standard  utmosphere  can  be  expressed  as  760  torr  or  760  mm  of 
mercury . 


Pressure  Torr 
(aicron) 


Number  of 
Molecules 


Relative  Number 
of  Coll isions 


10's  (0.01)  5800 

10-3  (1.0)  580,000 

10-1  (100)  58,000,000 

760  ( 760 , 000 )  ( 1  atm)  4.4  x  101C> 


1 

100 

10,000 

100,000,000 


From  this  data,  it  can  be  seen  that  at  10-3  torr  or  higher  vacuum 
levels,  the  scattering  of  the  electron  beam  becomes  a  significant 
factor . 


When  welding  any  material,  the  possibility  of  contamination  at  a 
specific  vacuum  level  is  of  concern.  The  total  contamination  of 
air  (total  concentrations  of  gasses  present)  is  proportional  to 
pressure  as  follows: 


Pressure,  Torr 
(microns ) 


Gas  Concentration 
ppm 


10" 5  (0.001)  0.001 

10-3  (1.0)  1.3 

10-i  (100)  132 

4  x  10-i  (40O)  500 


The  conclusion  can  be  drawn  that  in  the  soft  vacuum  range,  the 
concentration  of  gasses  will  be  less  than  that  of  welding  grade 
shielding  gasses. 

With  medium  vacuum  welding,  the  beam  is  generated  in  high  vacuum 
and  then  projected  into  the  welding  chamber  operating  at  higher 
pressure.  This  is  accomplished  through  a  special  orifice  that  is 
large  enough  to  pass  the  beam  but  too  small  to  allow  significant 
back  diffusion  of  gases  into  the  gun  chamber. 

In  non-vacuum  electron  beam  welding,  the  beam  is  generated  in  high 
vacuum  and  then  projected  through  a  series  of  differently  pumped 
or i f ices . 


Later  in  the  report,  an  in-depth  analysis  of  each  mode  of  EB 
welding  and  how  it  could  be  applied  to  the  shipbuilding  industry 
will  be  presented. 


The  Electron  Beam  Gun 

In  general,  most  of  the  electron  beam  guns  for  welding  used  today 
are  comprised  of  the  components  as  shown  in  Figure  4.  The  anode 
is  part  of  the  gun  itself  and  is  at  the  same  potential  as  the 
workpiece.  This  gun  is  commonly  referred  to  as  "self- 
accelerated".  The  beam  of  the  self  -  accelerated  gun  converges  to 


a  point  as  it  passes  through  the  anode,  and  then  becomes  slightly 
divergent  so  that  it  can  be  influenc-  by  an  electromagnetic  field 
and  focused  on  the  workpiece.  The  ei.  ctromagnetic  lens  for  this 
reason  is  located  a  short  distance  below  the  anode.  Its  focusing 
capability  is  a  function  of  the  beam  accelerating  voltage,  the 
beam  diameter,  t  tie  lens  design,  and  the  electromagnetic  coil 
current . 


EIGUHK  4  TH10DK  ELECTRON  BEAM  GUN  AND  ASSOCIATED 
ELECTRICAL  SUPPLIES 

The  focus  of  the  beam  has  a  direct  relation  to  the  beam  spot  size, 
fne  beam  sp^i  size  to  ritical  to  the  characteristics  of  the  EB 
weld.  Sharp  focus  of  the  beam  will  produce  a  narrow,  parallel 
sided  weld  geometry  because  the  effective  beam  power  density  will 
be  at  a  maximum.  Defoe using  the  beam,  either  by  overfocusing  or 
by  under focus i ng  will  increase  the  effective  beam  diameter  and 
then  inturn  reduce  the  beam  power  density.  This  will  tend  to 
produce  a  shallow  or  Vee  shaped  weld  bead  geometry.  These 

olid  l  t  I  on  «  n  re  i  I  I  us  1  r  a  t  cl  in  figure  f»  . 


Overfocus 


Sharp  focus 


Under  focus 


FIGURE  5  EFFECT  OF  ELECTRON  BEAM  FOCUSING  ON 
WELD  BBAD  GEOMBTRY 

The  beam  can  be  oscillated  by  means  of  magnetic  deflection  coils 
and  controls.  The  coils  are  positioned  below  the  electromagnetic 
focusing  lens  where  they  can  deflect  the  beam  from  its  normal  axis 
position.  Simultaneous  use  of  two  sets  of  deflection  coils  allows 
the  formation  of  circular  or  elliptical  patterns  on  the  workpiece. 
The  size  and  shape  of  the  deflections  is  set  by  the  magnitude  and 
phase  relationships  of  the  signals  fed  to  the  coils.  Oscillation 
of  the  beam  is  primarily  used  to  stabilize  the  weld  pool  prior  to 
its  solidification  behind  the  keyhole.  Certain  oscillation 
patterns  will  tend  to  reduce  the  chance  of  porosity  in  the  weld. 

The  filament  in  the  gun  can  be  heated  indirectly  or  heated 
directly  by  another  electron  source.  The  filament  temperature  may 
be  kept  in  a  range  where  the  beam  current  is  a  function  of 
filament  temperature  (as  shown  in  Figure  6).  In  this  case  the  gun 
is  referred  to  as  operating  "temperature  limited".  If  the 
filament  temperature  is  operated  high  enough  (beyond  the  knee  of 
the  curve  as  in  Figure  6),  the  beam  current  is  not  a  function  of 
filament  temperature  then  the  gun  is  said  to  operate 
" space- charge- limited". 


KNEE  OF  CURVE 


■*-  TEMPERATURE 


FIGURE  b  ELECTRON  BEAM  CURRENT  AS  A  FUNCTION 
OF  FILAMENT  TEMPERATURE 

In  general,  moat  EB  welding  guns  are  operated  space-charge- 
limited.  In  this  condition,  the  beam  current  produced  at  any 
accelerating  voltage  is  proportional  to  the  3/2  power  of  the 
accelerating  voltage  (I=KV3/2),  where  the  constant  of  propor¬ 
tionality,  K,  is  a  function  of  gun  geometry. 

For  an  electron  gun  to  deliver  the  required  power  and  power 
density  for  producing  a  weld,  several  factors  such  as  design, 
component  configuration,  emitter  characteristics,  total  power 
capabilities,  and  focusing  capabilities  have  to  be  considered. 
Each  electron  gun  and  system  design  has  a  specific  characteristic 
in  terms  of  capabilities  and  requirements.  It  may  require  a 
modest  amount  of  parameter  development  work  to  simply  take 
parameters  from  one  type  of  system  design  to  another.  Weld 
parameters  are  not  interchangeable  between  different  designs,  such 
as  is  the  case  in  many  arc  welding  techniques. 


EB  Gun  Power  S upp lies 

The  power  supply  of  an  KB  welding  machine  produces  the  high 
voltage  power  necessary  for  the  gun  and  the  auxiliary  power  for 
the  emitter  and  beam  control. 

l'he  main  high  voltage  power  source  and  auxiliary  power  units  are 
usually  placed  together  in  a  tank  filled  with  a  high  purity, 
electrical  grade  transformer  oil  which  acts  as  a  heat  sink  for  the 
electrical  components.  The  main  high  voltage  power  source 
converts  the  three  phase  line  power  into  high  voltage  DC  power  for 
the  electron  beam. 


Directly  heated  emitters  are  typically  ribbon  or  wire  hairpin 
shaped  filaments.  Ribbon  filaments  are  usually  used  on  power 
supplies  rated  for  higher  currents  and  lower  voltages  (typically 
30  to  70A  at  5  to  10V)  since  they  provide  a  larger  emitting  area 
than  a  wire  type  filament. 


Vacuum  Pumping  Systems 

The  vacuum  system  for  an  EB  gun  chamber  normally  consists  of  a 
mechanical  roughing  pump  and  a  oil  diffusion  pump.  The  mechani¬ 
cal  roughing  pump  is  usually  a  mechanical  piston  or  a  vane  type 
which  takes  the  chamber  pressure  from  1  atmosphere  down  to  about 
0.1  torr.  The  diffusion  pump  is  used  in  conjunction  with  the 
mechanical  pump  and  it  will  take  the  pressure  on  down  to  10~4 
torr  or  lower.  A  combination  diffusion  and  mechanical  pumping 
system  is  shown  in  Figure  7. 


Valves 

V  1  -  hiyh  vacuum 

V  2  -  rouyhmq 

V  3  —  tioc  king 

V  4  t'oUfi"'] 

V  5  -  vacuum  »cUmsp 

V  6  -  v.ituum  ffirasf 


V.n  Hum  sensors 
S  1  -  inn  type 

S  2  -  thermocouple  typo 
i,  3  thr/ n>o<  ouplr  type 
'  •  4  ihrt  rnoi  oup'»*  i\  pe 
S  b  mn  type 


FIGURE  7 


SCHEMATIC  LAYOUT  OF  A  TYPICAL  VACUUM 
PUMPING  SYSTEM 


The  roughing  and  diffusion  pumping  cycles  are  normally  controlled 
by  automatic  sequencing  vacuum  values  to  prevent  an  accidental 
pressure  increase  in  the  chamber. 


Since  the  size  of  the  vacuum  chambers  available  range  from  a  few 
cubic  inches  to  several  thousand  cubic  feet  the  evacuation  period 
in  which  it  is  possible  to  attain  welding  pressure  varies.  The 
pumpdown  time  of  a  chamber  is  dependent  on  the  pumping  systems 
capacity  as  well  as  the  volume'  in  the  chamber  to  be  evacuated. 

Seam  Track i ng  Me  t  hods 

The  high  travel  speeds  at  which  KB  welding  is  normally 
accomplished  and  the  relatively  small  size  of  the  beam  spot 
(usually  0.020  to  0.060  in.  )  requires  that  the  weld  seam  tracking 
mechanisms  be  controlled  accurately  throughout  the  EB  weld 
operat i on . 

Seam  tracking  is  accomplished  by  scanning  the  weld  seam  by  either 
optical,  electronic  or  x-ray  sensoring  methods. 

The  optical  method  uses  a  low  power  beam  telescopically  sighted 
inside  the  chamber.  This  in  conjunction  with  internal  lighting 
and  mirrors  provides  a  line  ol  sight  coaxial  with  the  beam  path. 
The  optical  method  is  not  very  practical  for  long  welding 
operations  due  to  the  metal  vapors  generated  and  deposited  on  the 
optical  surfaces. 

The  electronic  method  uses  a  low  powered  beam  that  scans  the  weld 
seam  and  displays  the  beam  to  weld  seam  relationship  on  an 
oscilloscope.  The  low  powered  beam  oscillates  transversely 
across  the  seam  at  60  HZ.  The  amplitude  of  the  oscillation  is 
transmitted  back  by  reflected  electrons  and  the  surrounding  area 

of  the  workpiece  on  either  side  of  the  seam  as  well  as  the  seam 

itself  is  displayed  on  the  oscilloscope. 

rthen  the  beam  is  centered,  it  would  show  a  condition  as 

illustrated  in  Figure  8a.  The  V  represents  the  joint  with  the 
beam  spot  centered  in  the  middle.  The  two  horizontal  arms  at  the 
'.op  of  *  he  beam  indicate  the  adjacent  workpiece  surfaces.  the 
'alive  '  i  >•  £  h  t.  ..  f  '.k;  iiDiilal  aims  would  give  the  mismatch  of 

the  abutting  surfaces  in  thousandths  of  an  inch.  If  the  beam 
were  positioned  slightly  to  the  right  of  the  weld  seam  a 

condition  as  shown  in  8b  would  be  displayed. 


FIGURE  8  ILLUSTRATION  OF  RECORD  AND  PLAYBACK 
ELECTRONIC  SCANNING 

From  the  oscilloscope  display,  the  operator  could  tell  the  exact 
location  of  the  electron  beam  in  relation  to  the  weld  seal.  With 
the  use  of  computerized  numerical  control  systems,  the 
information  received  from  the  electronic  seam  tracking  device  can 
be  automatically  recorded  and  "digitized"  on  a  scan  puss.  With 
the  joint  information  recorded,  the  seam  can  be  welded  on  the 
second  pass  using  playback  programmed  control. 

A  recently  devised  method  of  seam  tracking  incorporates  the 
scanning,  the  correction  of  the  seam  deviation,  and  the  welding 
into  a  simultaneous  operation  by  the  use  of  a  closed  loop 
controller.  This  is  accomplished  by  the  electron  beam 
determining  measurement  values  by  scanning  ahead  for  an  extremely 
short  time*,  and  with  a  preselected  frequency,  recording  these 
values,  and  relaying  this  information  back  for  the  weld  contour 
directly  in  front  of  the  welding  position.  Similar  to  the'  record 
and  playback  method  of  digitizing  the  seam,  this  "real  time" 
tracking  method  operates  on  t he  principle  of  reflected  electrons, 
using  the  electron  beam  at  reduced  power  as  the  measuring  tool. 
The  beam  is  deflected  transversely  across  the  welding  seam  of  the 
workpiece.  The  difference  between  the  electron  reflection 
intensity  at  the  seam  and  at  the  adjacent  solid  material  provides 
the  measurement  values  for  the  weld  seam  coordinates.  Figure  9 
shows  the  basic  principle  of  how  this  method  of  seam  tracking 


works  . 


- 
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FIGURE  9  REAL  TIME  SEAM  TRACKER  SIMULTANEOUSLY 
DIGITIZING  AND  WELDING 

The  x-ray  sensor  method  of  seam  tracking  relies  on  the  periodic 
high  speed  scanning  of  the  weld  seam  ahead  of  the  welding  pool  by 
the  full  power  electron  beam  and  sensoring  the  x-radiation  being 
generated  by  the  beam  impact  on  the  workpiece  surface  by  the 
means  of  an  x-ray  detector.  The  difference  of  x-ray  emission  of 
the  gap  and  the  solid  surface  creates  a  signal  which  can  be  used 
for  tracking  the  weld  seam.  When  using  filler  wire  feed  systems 
this  signal  can  also  be  used  to  measure  the  weld  seam  gap  and 
directly  regulate  the  wire  feed  speed  to  accommodate  for 
variations  in  the  gap  width. 


The  different  EH  tracking  systems  available  are 
this  report  under  the  EB  manufacturers  section. 


also  listed 


There  would  be  several  advantages  of  applying  electron  beam 
welding  to  the  shipbuilding  industry  as  compared  to  the  presently 
used  conventional  means  of  welding. 


1.  The  ship  building  industry,  like  most  industries, 
is  concerned  with  maintaining  a  high  productivity 
level  while  minimizing  manhour  cost.  The  electron 
beam  process,  due  to  its  high  power  density,  can 
obtain  high  welding  speeds  in  combination  with  deep 
penetration  depths.  This  ability  to  attain  an 
extremely  high  weld  depth  to  width  ratio  permits 
single  pass  welding  of  joints  that  would  normally 
require  multipass  arc  welds.  Figure  10  shows  a 
comparison  of  a  typical  weld  zone  of  a  narrow  gap 
submerged  metal  arc  weld  versus  EB  weld. 

2.  Due  to  the  low  heat  input,  the  EB  weld  is  used  to 
produce  a  narrow,  parallel  fusion  zone  which  is 
just  wide  enough  to  ensure  that  the  weld  joint  is 
completely  welded  but  with  minimal  energy 
expenditure . 

3.  Normally  no  filler  consumables  would  be  required, 
since  EB  welding  consists  of  fusing  the  two  parent 
metal  plate  edges  together  to  form  an  autogenous 
weld.  Normally  the  edge  preparation  required  for 
EB  welding  is  a  simple  square  butt  edge  prep. 
Considering  the  amount  of  consumables  used  for 
welding  heavy  panel  plates  together,  this  would  be 
a  substantial  savings  factor. 

4.  Since  EB  welding  produces  a  narrow,  parallel  sided 
weld,  less  distortion  and  s  h  r i nk  age  result  as 
compared  with  other  conventional  means  of  welding. 
With  the  EB  weld,  the  weld  metal  is  essentially 
parallel  sided  except  where  the  electron  beam  first 
impinges  on  the  top  surface  of  the  abutted  members. 
Contraction  of  the  metal  during  cooling  is  fairly 
uniform  through  the  joint.  When  the  weld  metal  has 
a  characteristic  V  shape,  as  in  arc  welding,  there 
is  significant  warpage  from  unequal  thermal 
contraction  across  the  joint.  This  is  illustrated 
in  Figure  11. 

5.  High  vacuum  partial  vacuum  electron  beam 

welding  nor  ily  akes  place  inside  a  vacuum 
chamber  which  minimi z  i  contamination  to  the  weld 
metal  of  undesirable  ac.  aerie  elements  such  as 
oxygen,  nitrogen  and  hydrogen.  These  elements  can 
lower  the  notch  toughness  and  corrosion  resistance 
of  some  weld  metal. 


Preheating  of  high  strength 
required. 


steel 


often 


Accurate  control  of  the  electron  beam  has  always 
permitted  a  high  degree  of  reliability  and 
reproducible  welding.  The  incorporation  of  modern 
day  minicomputers  and  microprocessors  offers 
additional  control  of  the  welding  conditions. 


FIGURE  11  EB  WELD  SHRINKAGE  VS.  CONVENTIONAL  ARC 
WELDING  SHRINKAGE 

Even  though  the  KB  Welding  process  has  several  advantages,  it 
also  has  a  few  disadvantages  which  will  need  to  be  considered 

1)  Electron  bean  welds  are  normally  made  in  a  vacuum 
chamber  unless  special  equipment  such  as  a  local 
vacuum  or  non-vacuum  set-up  is  used.  The  cost  of  a 
chamber  and  the  time  required  to  pump  down  the 
chamber  could  be  considered  h  disadvantage.  With 
the  high  capacity  cryogenic  and  large  diffusion 
pumps  available  on  the  market  today,  one  could 
minimize  pump  down  time. 

2)  The  high  initial  cost  of  the  BB  gun  with  the  vacuum 
chamber  can  be  a  relatively  high  capital  outlay  at 
first.  Factors  which  would  offset  this  would  be 
the  savings  cost  of  no  filler  metal  additions  and 
no  preheat  gas  . 

3)  Normally  the  plate  edges  have  to  be  machined  to  a 
square  butt  edge  prep  to  hold  the  maximum  joint  gap 
to  within  1*  or  less  of  the  total  plate  thickness. 
This  is  to  minimize  weld  undercutting  and 
solidification  cracks  from  occurring.  If  filler 
metal  is  added,  then  a  larger  gap  could  be 
tolerated  (up  to  3%  of  plate  thickness  or  0.050 
in.,  whichever  is  less). 

4)  X-rays  are  generated  from  the  bombardment  of  the 
plate  with  electrons.  Protective  lead  shielding 
would  be  required  around  the  gun  casing  when  EB 
takes  place  outside  of  a  chamber  such  as  when 
non  vacuum  KB  welding  is  performed. 

5)  Plate  surfaces  should  be  free  from  scale  and  grease 
otherwise  this  could  be  a  source  of  porosity. 
Normally,  the  plate  edges  are  cleaned  with  an 
acetone  solvent  before  KB  welding  occurs. 


6)  Residual  magnetism  in  the  plate  could  bend  the  beam 
enough  to  miss  the  weld  seam.  Protective  measure 
such  as  demagnetizing  the  plates  or  placing  a  tube 
shielding  around  the  beam  are  sometimes  necessary 
to  avoid  this  occurrence. 


Industrial  Users  of  Electron  Beam  Equipment 

Over  the  last  25  years  since  EB  welding  was  first  introduced 
on  a  commercial  basis  to  industry,  it  has  found  its  niche  in 
many  specialized  areas  of  welding.  Originally,  the  BB  process 
was  adapted  to  the  nuclear  component  and  aerospace  industries 
where  the  choice  was  largely  based  on  technical  reasons 
associated  with  material  weldability  and  control  of  distortion 
rather  than  the  welding  cost,  but  over  the  last  few  years, 
realization  that  EB  welding  is  a  fast  joining  process  has  lead 
to  its  use  in  mass  production  industries  where  its  speed  as 
well  as  control  of  distortion  are  considered  as  important 
factors . 

Today,  the  EB  welding  process  is  used  on  a  very  wide  range  of 
items,  from  welding  the  wing  center  sections  of  fighter  jet 
aircraft  to  welding  bimetallic  saw  blades  together  to  achieve 
a  longer  cutting  life. 

The  main  users  of  worldwide  industrial  EB  equipment  with  their 
application  can  be  categorized  as  in  Table  1. 


Low  Power  EBW 


Automotive  equipment 

Engine  valves.  Gear  and  shafts.  Flywheels, 
manifolds.  Ball  joints.  Torque  converters, 
Catalytic  converters 

Nuclear  power  equipment 

Fuel  elements,  Pipes 

Aircraf  t 

Turbine  parts.  Valves,  Gears,  Housing, 

Engine  parts,  Wing  panel  sections 

Electron.  •  equipmeni 

Micro  relays.  Micro  modules,  Line  printers 

Chemical  equipment 

Pipe  and  flanges.  Heat  exchangers,  Vessels 

Others 

General  machine  parts.  Tools 

High  Power  EBW 

Bodies,  Stub  tubes.  Nozzles,  LNG  tanks 

General  machinery 

Large  size  gear  units.  Various  cylinders, 
Valves 

Nuclear  power  equipment 

Nuclear  reactors.  Casing,  Supporting 
structures 

Heavy  duty  electric 
equ i pmen t 

Turbines,  Generator  parts 

Others 

Various  largo  scale  structures 

TABLE  1 


One  of  the  aajor  aircraft  manufacturer’s,  Grumman  Aircraft, 
has  been  involved  in  the  application  of  BB  welding  technology 
since  1961  when  the  capability  of  the  process  to  produce  high 
quality  welds  in  a  variety  of  materials  was  demonstrated. 
Developmental  work  in  the  application  of  EB  welding  of 
titanium  alloys  led  to  the  actual  implementation  in  the 
fabrication  of  F-14  wing  center  sections  and  wing  planks.  The 
success  of  that  effort  culminated  in  a  Grumman  commitment  to 
the  application  of  EB  welding  to  aaerospace  manufacturing. 
The  extensive  80,000  Ft2  EB  welding  facility  that  was  set  up 
at  their  Bethpage,  N.Y.  facility  proved  to  be  a  significant 
factor  in  the  award  of  the  multibillion  dollar  F  14  program. 
Since  1969,  Grumman  has  been  KB  welding  F-14  wing  center 
sections  and  wing  panels  on  a  production  basis.  Each  section 
alone  contains  more  than  170  feet  of  EB  welds.  The  F-14  and 
wing  center  sect  ion  shown  are  in  Figures  12  and  13. 

The  long  assemblies  of  the  F-14  are  welded  in  the  clamshell 
chamber  shown  in  Figure  14.  The  clamshell  chamber  measures  32 
ft.  long  x  10.5  ft.  wide  x  8  ft.  tall. 

The  aircraft  and  aerospace*  industry  also  uses  EB  welding  on 
jet  engine  construction  and  load  bearing  structural  members 
such  as : 

(1)  Jet  turbine  stator  and  rotors 

(2)  Undercarriage  shock  -truts 

(3)  Hocket  combustion  chambers 

(4)  Fuel  tanks  and  pumps 

(5)  Load  bear  ing  structures  of  rocket  stages 

The  major  automotive  manufacturers,  such  as  GM  and  Ford,  use 
the  ER  welding  process  to  produce  items  such  as  automotive 
steering  column  jackets,  catalytic  converters,  housing  and 
transmission  gear  assemblies,  die  cast  aluminum  manifolds,  and 
torque  converters.  The  automotive  industry  uses  both  vacuum 
and  nonvacuum  systems.  Figures  15  &  16  shows  a  catalytic: 
converter  and  the  nonvacuum  system  that  welds  the  thin  layers 
of  the  stainless  steel  together  with  speeds  of  20  ft. /min. 

In  Japan,  electron  beam  welding  is  used  quite  extensively  in 
the  nuclear  industry  for  welding  core  barrels  and  core 
internals  for  nuclear  power  plants.  Mitsubishi  Industries 
utilizes  a  100KW  EB  gun  inside  a  280  met  ers1  vacuum  chamber 
for  this  purpose.  They  are  able  to  weld  components  up  to  100 
mm  in  thickness  in  n  single  pass  with  high  travel  speeds  and 
low  resultant  distortion.  A  schematic*  of  their  EB  set  up  is 
shown  in  Figure  17. 


SUMMARY  OF  SHIPYARD  VIS ITS 

As  part  of  the  study  for  this  report,  field  trips  were  made  to 
three  selected  shipyards  to  identify  possible  cost  effective 
applications  of  EB  welding  equipment  to  specific  areas  of  ship 
fabrication.  The  three  shipyards  visited  for  this  study  were: 

1)  Ingalls  Shipyard,  Pascagoula,  Miss. 

2)  Newport  News  Shipyard  and  Drydock, 

Newport  News,  Va. 

3)  Norfolk  Shipyard,  Norfolk,  Va. 

For  these  visits,  the  main  points  of  interest  in  each  shipyard 
for  applying  EB  welding  were  1)  the  panel  line  fabrication  area, 
2)  the  T-stiffener  to  panel  assembly  and  3)  pipe  fabrication 
area . 


Ingalls  Shipyard 

The  Ingalls  Shipyard  panel  line  fabrication  was  typical  for  the 
industry  with  the  plates  being  descaled  first  in  a  wheelabrator 
with  subsequent  beveling  of  the  plate  edges  by  conventional 
burning  methods.  The  panel  plates  (normally  10  ft.  width  x  25 
ft.  length)  were  fit-up  with  the  use  of  an  electro  magnetic- 
hold  down  bed  the  length  of  the  plate.  Panel  plates  were  fit-up 
into  assemblies  50  ft.  x  50  ft..  The  seams  were  tack  welded,  then 
they  proceeded  to  the  next  station  where  the  longitudinal  and 
transverse  seams  were  welded  with  the  downflat  automatic 
submerged  arc  welding  process  from  two  separate  traveling  bridges 
(See  Figure  18  for  a  typical  bridge  welding  head  arrangement). 
Panel  plate  edges  5/8  in.  thick  or  less  were  square  butt  detail 
and  plates  thicker  than  5/8  in.  had  a  45°  included  bevel.  Panel 
plates  were  welded  from  one  side  then  the  entire  assembly  was 
flipped  by  an  overhead  crane  and  the  backside  of  the  weld  seams 
were  completed  with  the  sub-arc  process  after  being  semi¬ 
automatic-ally  flame  or  arc  gouged. 

The  Ingalls  Shipyard  used  mainly  three  groups  of  materials  for 
the  fabrication  of  panel  section,  1)  structural  carbon  steel 
material  with  50-60  KSI  tensile  strength  (A 3 6  typically),  2)  high 
tensile-  strength  material  in  the  range-  of  80  100  KSI  (HY80  100) 
and  3)  high  strength  low  alloy  material  ( A 7 1 0  Gr.  A  with  sulfur 
0.010%  maximum).  Material  used  was  dependent  on  the:  design 
criteria  of  the  ship  hull  in  that  area.  Sometimes  various 
strength  levels  of  plate  material  were  used  in  a  panel  assembly 
with  thickness  ranging  from  1/4  in.  to  1-1/4  in. 

After  the  panel  plate  butt  seam  welding  was  accomplished,  t he 
plates  were  moved  to  the  fabrication  area  where  longitudinal  and 
transverse*  T  stiffeners  were  fillet  welded  to  the  pane'l  sections 
with  the  serai -automated  flux  core  arc  process.  Fit  -up  of  the 


T-stiffeners  to  the  panel  plate  assembly  was  achieved  with  the 
aid  of  mechanical  and  hydraulic  fit-up  equipment.  It  was  noted 
that  internal  piping  required  for  a  typical  surface  ship  varied 
from  2  in.  to  10  in.  diameter.  Most  of  the  welding  observed  on 
the  larger  pipe  diameters  was  performed  with  the  pulsed  gas  metal 
arc  or  the  flux  core  arc  process.  The  small  diameter  pipe  joints 
were  being  welded  with  the  TIG  process. 


Newport  News 

The  Newport  News  Shipyard  panel  line  and  T-stiffener  to  panel 
plate  assembly  area  had  a  similar  layout,  but  due  to  the  size  of 
the  ships  (mainly  aircraft  carriers)  fabricated  there,  the  panel 
and  deck  plates  were  thicker,  usually  in  the  range  of  1/2  inch  to 
2  inches.  Panel  and  deck  plate  assemblies  were  normally 
comprised  of  4  plates  -  10  ft.  x  40  ft.  length  resulting  in  an 
assembly  40  ft.  x  40  ft.  Depending  upon  thickness,  panel  and 
deck  plate  edge  preparation  was  normally  double  bevel  prep  burned 
by  oxy-fuel  systems  with  Numerical  Control  capabilities.  The 
variations  in  the  panel  plate  gap  width  appeared  to  be  between  a 
tight  fit  to  about  1/8  inch. 

The  longitudinal  T-stiffeners  were  fit  to  the  panel  plates  by 
hydraulic  hold-down  ram  equipment  mounted  on  a  transversing 
bridge.  The  fit-up  procedure  was  followed  by  dual  headed 


submerged  arc  welding  of  fillet  welds  on  each  side  of  the 
T-stiffener  similar  to  Figures  19  and  20. 


The  Newport  News  Shipyard  used  mainly  higher  strength  materials 
such  as  HY  80  100  or  A710  for  the  panel/deck  assembly  of  the 
aircraft  carriers. 


Norfolk  Shipyard 


On  visiting  the  Norfolk  Shipyard,  it  was  discovered  that  they 
deal  primarily  with  the  repair  and  modification  of  existing 
surface  effect  ships.  It  was  observed  that  there  wasn’t  an 
assembly  type  fabrication  facility  of  panel  or  deck  plates  to 
warrant  adaptation  of  a  high  density  welding  process  such  as  EB 
welding.  There  were  specialized  items  such  as  pipe  welding  or 
catapult  cover  repair  welding  which  could  be  readily  EB  welded, 
but  it  was  felt  that  the  initial  high  capital  cost  of  this 
equipment  would  not  be  justifiable  unless  several  thousand  of 
these  components  were  welded  on  a  regular  basis. 
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Other  areas  such  as  bulkhead  and  superstructure  assembly  were 
analyzed,  but  due  to  the  complexity  of  shapes  and  the  size  of  the 
EB  gun,  it  was  decided  these  fabrication  areas  would  not  be 
readily  adaptable  to  this  method  of  welding. 

A  fourth  electron  beam  application  identified  during  the  shipyard 
visits  is  the  fabrication  of  T  stiffeners.  Due  to  the 
inavailability  of  T- s t i f f eners ,  the  shipyards  are  frequently 
forced  to  buy  I  beams  and  cut  off  one  flange  to  get  the  desired 
dimensions.  This  results  in  wasted  material  and  extra  manhour 
cost.  It  was  also  noted  that  high  strength  T-stiffeners  (80  KSI) 
can  normally  only  be  purchased  in  a  maximum  of  8  ft.  lengths  so 
the  shipyard  is  required  to  make  several  butt  splices  to  obtain 
the  40  ft.  lengths  for  the  longitudinal  T-stiffeners  for  each 
panel  assembly.  EB  welding  would  appear  to  be  ideally  suited  to 
this  application  since  it  can  be  readily  automated  and  has  the 
penetrating  capabilities  to  weld  heavy  flange  to  web  plate  with 
minimum  distortion. 


CONCEPTS  OF  EB  EQUIPMENT  DESIGNS  APPLICABLE  TO  THE  SH IPBUILDING 
INDUSTRY 

There  are  three  basic  designs  of  electron  beam  equipment  today 
that  would  be  feasibly  adaptable  to  these  fabrication  areas. 
These  designs  could  be  categorized  as: 

1)  mobile  vacuum  or  sliding  seal  EB  welding;  where  the 

EB  gun,  mounted  on  a  track,  moves  across  the  weld  seam. 

A  partial  vacuum  is  maintained  at  the  point  of  welding 
by  sliding  seals 

2)  non-vacuum  or  "open  air"  EB  welding  which  takes  place 
under  atmospheric  conditions 

3)  large  vacuum  chamber  EB  welding. 

Each  of  the  three  different  EB  welding  concepts  would  have 
certain  advantages  and  disadvantages  when  applied  to  the 
specified  fabrication  areas  in  the  shipbuilding  industry.  A 
brief  description  of  each  concept  will  be  presented  with  the 
visualized  method  of  application. 


MOBILE  OR  SLIDING  SEAL  EB  WE LDING 

This  design  has  the  main  advantage  of  eliminating  the  bulky 
vacuum  chamber  which  the  workpiece  is  normally  placed  inside  thus 
minimizing  the  pumpdown  to  only  the  time  required  to  evacuate  the 
local  chamber. 

The  EB  manufacturers  that  have  successfully  designed  and  adapted 
this  technique  to  welding  flat  plate  surfaces  such  as  would  be 
required  for  the  welding  of  panel  or  deck  plates  are  1)  Sciaky 
Bros.,  Inc.,  Chicago,  Ill.  and  2)  MG  Industries  -  Steigerwald 
Systems,  Menomonee  Falls,  Wise. 


Sciaky  Design 

The  Sciaky  design  is  operated  on  the  principle  as  shown  in 
Figures  21  and  22.  The  EB  gun  (I)  travels  along  a  track  mounted 
on  the  plate.  A  vacuum  is  produced  in  the  main  and  counter 
chambers  (J  and  C)  in  the  range  of  LO'2  to  10' 3  torrs.  Seals  are 
located  at  the  bottom  of  the  housing  to  provide  adequate 
tightness  against  the  plate  surface  (A).  The  top  plate  of 
chamber  (D)  has  a  longitudinal  "Vee"  notch  (E)  where  a  special 
silicon  seal  is  fitted  to  allow  for  the  carriage  to  travel 
forward  yet  maintain  an  adequate  seal  for  welding.  To  avoid  the 
electron  beam  striking  the  silicon  seal  (F),  rollers  are  used 
during  travel  to  lift  the  "Vee"  seal  ahead  of  the  carriage  and 
move  it  laterally  away  from  the  notch  and  replace  it  in  the  slot 
at  the  back  of  the  carriage.  The  electron  beam  thus  penetrates 
the  joint  (B)  and  produces  a  full  penetration  weld  in  plate  (A) 
as  the  carriage  moves  forward. 


The  prototype  (30  KW  unit,  60  KV/500mu)  of  this  design  was  built 
by  Sciaky  at  their  Vitry,  Prance  location.  It  has  dimensions  of 
4145mm  by  806mm  with  a  maximum  longitudinal  travel  of  gun 
carriage  of  2.5  meters.  Typical  welding  speeds  varied  from  0.05 
to  1  met er/m i nu t e ,  dependent  on  plate  thickness  and  weld 
parameters  used.  Welding  has  been  accomplished  on  15-50mm  thick 
steel  at  speeds  up  to  40  cm/minute. 

The  gun  has  a  traversing  motion  tolerance  of  +  5mm  to  allow  for 
lateral  travel  of  the  beam  white  tracking  the  plate  seam.  A  seam 
tracking  device  could  be  incorporated  in  order  to  automatically 
position  the  beam  t rans versa  1 1 y  with  respect  to  the  weld  seam. 
Weld  seam  viewing  is  performed  by  using  optics  integral  with  the 
carriage  and  u  TV  monitoring  system.  The  main  and  counter 
chambers  utilized  two  roughing  pumps  of  350  and  40m3/hr. 
respectively.  The  gun  requires  a  roughing  pump  of  40m3/hr.  and  a 
diffusion  pump  of  1200  1/sec.-2 


A  filler  wire  feed  system  would  be  adaptable  to  the  carriage  for 
weld  joints  with  u  gap  up  to  1mm.  The  Sciaky  local  vacuum 
equipment  has  been  used  on  various  research  projects.  For 
instance,  Grumman  Aircraft  Corp.  used  this  concept  on  the  welding 
of  1/4,  1/2,  3/4  and  1  inch  thick  HY130  steel  alloy  plate  under 
Naval  Ship  Research  and  Development  Contract  No.  N6 1533-75  M-4468 
in  1976. 3 
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FIGURE  24 


GO  I AKY  MOBILE  VACUUM  KB  WELDER 


S t  e i ge rwa 1 d  Design 

The  S  t  e  i  gorwa  1  (1  design  is  not  based  on  the  convonl  iorial 
sealing  system,  but  rather  to  reduce  the  pressure  by  gas 
systems  inside  ring  shaped  pressure  stages  surrounding 
welding  area. 


FIGURE  25  CROSS-SECTION  OF  STE IGERWALD  MOBILE  VACUUM  SYSTEM 
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n  Figure  25,  this  pressure  "step  down"  is  performed 
ally  by  the  first  pressure  staging  so  that  the  inner 
sections  can  be  built  by  using  sealing  material  such  as 
wool.  This  is  the  main  reason  why  it  is  not  necessary 
e  separating  elements  between  each  pressure  stage  form 
rings  or  be  leak  tight  around  the  vacuum  area.  With  this 
it  is  possible  for  the  seals  to  pass  over  the  weld  bead 
as  well  as  the  high  temperatures  of  the  welded  seam 
destroying  the  seal  material.  Plates  as  thick  as  60mm 
en  successfully  welded  by  this  design  without  defects, 
wire  additions  were  used  on  plates  with  gaps  up  to  2mm. 
ler  wire  is  fed  to  the  welding  pool  behind  the  beam  under 
ination  of  20°  to  the  beam  axis.  As  shown  in  Figure  26  to 
efects,  the  distance  X  between  filler  wire  and  beam  must 
constant.4 
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FIGURE  26  EB-WELDING  WITH  FILLER  WIRE 


As  can  be  seen  with  the  Steigerwald  design  (See  Figure  27),  it 
also  requires  that  a  local  mobile  vacuum  system  be  applied  to  the 
backside  of  the  weld  seam.  Both  chambers  move  along  the  joint 
synchronously  guided  by  a  carriage  system  mounted  on  rails. 

The  necessary  vacuum  of  10  2  torr  for  welding  is  reached  in  about 
5  minutes  pumping  time.  The  weld  seam  is  observed  by  a  TV 
monitor  and  seam  tracking  is  by  an  automatic  guidance  system. 
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FIGURE  27  STKIUKHWALD  MOBILE  VACUUM  SYSTEM 

Even  though  the  illustrations  of  the  equipment  are  in  the 
horizontal  position,  weld  tests  have  been  also  performed 
successfully  with  the  gun  in  the  vertical  position  and  the  plate 
in  the  downflat  position,  as  would  be  necessary  for  welding  panel 
plate  assemblies. 


Japan  Steel  Works  and  Nippon  Kokari  presently  have  the  Steigerwald 
local  vacuum  equipment  adapted  to  specific  in  production 
requirements. 


Both  the  Steigerwald  and  Scaiky  local  vacuua  designs  require  that 
"run-off"  tabs  be  welded  at  the  ends  of  the  plate  to  allow  for 
support  of  the  gun  and  sealing  equipment  after  completion  of  the 
weld  seam. 

NON-VACUUM  ( ATMOSPHBRIC )  EB  WELDING 

Non-vacuum  EB  welding  equipment  maintains  the  electron  gun  at 
hard  vacuum  (1  x  10“4  torr)  but  the  workpiece  is  at  atmospheric 
pressure  (760  torr).  The  electron  beam  travels  through  several 
orifices  which  are  divided  into  successive  but  distinct  pumping 
chambers.  Each  chamber  is  maintained  at  a  progressively  lower 
vacuum  until  the  beam  reaches  atmospheric  pressure  at  the  column 
outlet.  See  Figure  28  for  a  typical  NVEB  gun/column  assembly. 

The  main  advantage  of  using  NVEB  welding  over  hard  or  partial 
vacuum  EB  welding  is  the  higher  production  rates  while  incurring 
lower  costs,  since  no  vacuum  chamber  is  required  for  the  work  and 
time  is  not  consumed  in  pumpdown  prior  to  welding.  Also  the 
chamber  size  is  not  a  limiting  factor.5 


These  advantages  are  gained  at  the  expense  of  reduced  weld 
penetration  and  working  distance  (the  separation  between  the 
electron  beam  exit  nozzle  and  the  workpiece  being  welded).  This 
in  turn  limits  the  maximum  thickness  of  material  that  can  be 
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FIGURE  28  TYPICAI,  NON  VACUUM  GUN/COLUMN  ASSEMBLY 


Due  to  the  scattering  effect  of  the  NV  electron  beam,  a  wider 
weld  and  diffusion  zone  may  result  giving  an  appearance  similar 
but  less  narrow  than  a  gas  tungsten  arc  weld  (See  Figure  29). 
Slightly  more  distortion  would  result  from  a  NV  weld  as  compared 
to  a  high  or  partial  vacuum  weld. 
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FIGURE  29  COMPARISON  OF  FULL-PENETRATION  WELDS 
MADE  BY  VARIOUS  PROCESSES 

Beam  power  level  is  a  major  factor  in  determining  maximum 
penetration  depth  as  shown  in  Figures  30  and  31.  Power  levels 
from  3  to  36  KW  are  shown  with  depth  of  weld  penetration  and 
welding  speed  as  the  dependent  and  independent  variables 
respectively.  High  penetration  depths  of  1.5  inch  (3.8cm)  are 
attainable  in  carbon  steels  with  36  KW  at  a  welding  speed  of  24 
l p m  (1.0  cm/s e c  )  . 7 


Welding  Speed,  cm/iec 


FIGURE  30  NVEB  DEPTH  OF  PENETRATION  VS.  WELDING  SPEED  AT 
SELECTED  POWER  LEVELS.  MATERIAL  1010  CARBON 
STEEL,  3/8"  STANDOFF,  HELIUM  GAS  EFFLUENT. 

( WESTINGH0USE  DATA) 


Curve  6f>0971-A 


FIGURE  31  NVEBW  DEPTH  OF  PENETRATION  VS.  BEAM  ENERGY 
INPUT/UNIT  LENGTH  OF  WELD.  MATERIAL  1010 
CARBON  STEEL,  3/8"  STAND-OFF,  HELIUM  GAS 
EFFLUENT.  ( WEST  I NGHOUSE  DATA) 

Filler  metal  is  not  ordinarily  required  for  NVEB  welding  except 
where  necessary  because  of  poor  fit-up,  for  weld  reinforcement  to 
produce  desired  weld  metal  properties  or  to  avoid  cracking. 

Most  materials  that  can  be  conventionally  welded  can  be  NVEB 
welded.  No  test  data  was  available  on  the  mechanical  properties 
of  NVRB  welds  performed  on  typical  shipbuilding  steels. 

The  manufacturer  of  NVEB  welding  equipment  in  the  U.S.  is 
Leybo Id-Heraeus  Vacuum  Systems,  Enfield,  Conn. 


LARGE  VACUUM  CHAMBER  EB  WELDING 


The  method  of  electron  beam  welding  moat  commonly  used  is  placing 
the  workpiece  inside  a  chamber  and  having  the  electron  gun 
mounted  either  externally  or  internally  to  the  chamber. 
Placement  of  the  gun  is  usually  dependent  on  the  size  of  the 
chamber  and  the  adaptation  of  the  workpiece  to  be  welded. 

Chambers  of  the  intermediate  or  smaller  size  are  the  most  common 
but  in  specialized  condition,  large  chambers  have  been  designed 
and  built  such  as  the  chamber  (See  Figures  32  and  33)  for 
Mitsubishi  industries  of  Japan  for  welding  of  the  core  barrels 
and  internal  components  of  nuclear  reactors  and  the  large 
clamshell  chamber  built  for  Grumman  Aircraft  welding  of  F-14  wing 
panel  sections.  (See  Section  1) 

For  many  applications,  it  has  been  preferable  to  have  the  large 
chamber  with  a  mobile  internal  gun  which  can  be  moved  to  several 
welding  sites  on  a  component  inside  the  chamber  such  as  would  be 
necessary  for  welding  of  the  longitudinal  seams  of  panel  plate 
assemblies  or  welding  of  multiple  fillet  welds  of  T-stiffeners  to 
panel  plate  assemblies  in  the  shipbuilding  industry. 

A  disadvantage  of  having  the  internal  gun  has  been  the 
requirement  to  pump  the  chamber  to  the  same  operating  pressure  as 
the  electron  gun  (i.e.,  104  torr).  One  method  to  overcome  this 
problem  has  been  to  adapt  a  local  turbo-molecular  pump  to  the  gun 
chamber,  so  the  high  vacuum  is  maintained  on  the  gun  while  a 
lower  vacuum  can  be  used  inside  the  chamber  thus  minimizing  the 
pumpdown  time  required. 

One  of  the  main  disadvantages  of  a  large  chamber  in  the  past,  has 
been  the  pumpdown  time  to  evacuate  the  chamber  before  welding 
pressures  could  be  attained.  But  with  the  vacuum  systems 
available  today,  it  is  possible  to  evacuate  even  large  chambers 
such  as  the  Mitsubishi  Industries  chamber  (volume  7560  ft3  = 
280m3)  in  only  20  minutes  (10  4  torr  vacuum). 

Welding  in  a  high  or  partial  vacuum  atmosphere  inside  a  chamber 
not  only  increases  the  penetration  depth  of  the  electron  beam, 
but  it  also  yields  a  cleaner  weld,  since  there  are  minimal 
residual  contaminants  remaining  in  a  vacuum  of  this  level.  The 
chamber  also  acts  as  a  shielding  for  the  x-rays  that  are 
generated  as  the  electrons  impact  the  workpiece.  Ordinarily,  no 
additional  shielding  is  required  on  a  chamber  when  the  gun  is 
internally  mounted.  The  mobile  vacuum  or  non-vacuum  EB  welding 
equipment  which  normally  has  the  electron  gun  exposed  usually 
requires  at  least  a  1/4  inch  thick  lead  shield  around  the  gun  and 
workpiece  to  lower  the  x-rays  to  an  acceptable  level  to  meet 
industrial  safety  standards. 
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Figure  34  Typical  vacuum  chamber  arrangement  with  internally 

mounted  gun.  Added  features  of  a  vacuum  chamber  are 
motorized  doors  for  easy  access  and  viewing  ports 
to  allow  inspection  of  the  chamber  interior  by  the 
operator . 


Most  large  chambers  designed  today  are  equipped  with  computer 
controlled  feedback  servo  mechanisms  which  can  control  the 
beampower  and  size  as  well  as  the  gun  or  work  travel  to  within  a 
few  thousandths  of  an  inch.  The  adaptability  of  these  feedback 
systems  would  minimize  the  risk  of  missing  a  weld  seam  from 
improper  beam  setting. 


feedback 
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Figure  3f,  Gun  carriage  mechanisms  can  be  automated  to  provide 
motion  in  the  major  axis  and  the  gun  may  be  manually 
rotated  f 90°  to  provide  various  angles  of  incidence 
between  the  electron  beam  and  the  pieeepart. 

Various  types  of  travel  mechanisms  of  rigid  construct  ion  can  be 
adapted  to  a  vacuum  chamber  set  up.  Runout  tolerances  of 
approximately  0.001  in  per  foot  can  be  obtained,  but  this  is 
usually  dependent  on  the  manufacturing  tolerances  and  the 
accuracy  of  the  workpiece  fit  up.  One  of  the?  main  features  of  a 
vacuum  chamber  over  either  mobile  vacuum  welding  or  non  vacuum 
welding  is  the  extra  ruggedness  and  less  risk  of  damaging  the  gun 
mechanisms  since  the  workpiece  would  be  passing  through  the 
chamber  rather  than  the  gun/mob ile  chamber  moving  to  the  weld 
seam  . 

The  following  three  major  manufacturers  of  electron  beam  welding 
equipment  in  the  U.S.  have  the  capabilities  to  design  and 
fabricate  large  vacuum  chamber  and  elect  ron  beam  gun  systems:  1) 

Leybo 1 d  Heraeus  Vacuum  Systems,  2)  Sciakv  Bros.  and  .V' 
Steigerwald  Systems  MG  Industries. 


ADAPTABILITY  OF  EB  WELDING  EQUIPMENT  TO  THE  SHIPBUILDING  INDUSTRY 


As  was  mentioned  earlier  in  this  report  there  are  four  fabri¬ 
cation  areas  in  the  shipyard  where  EB  systems  could  feasibly  be 
adapted  to  increase  productivity  over  the  presently  used  con¬ 
ventional  methods  of  welding.  These  areas  are: 

1)  panel/deck  fabrication 

2)  Tstiffener  to  panel  assembly 

3)  pipe  welding 

4)  T  stiffener  web  to  flange  welding 


Each  fabrication  area  will  be  analyzed  and  how  it 
that  method  of  EB  welding  could  be  applied. 
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FLAT  PANEL/DECK  FABRICATION 


Either  the  mobile  vacuum  chamber, 
chamber  EB  welding  concepts  could  bi 


vacuum , 


adapted  to  this 


the  large 
fabrication 


The  mobile  vacuum  EB  welding  equipment  (Scinky  and  Steigerwald 
designs)  could  be  modified  to  fit  into  the  shipyard  environment 
of  welding  panel/deck  plates.  Both  designs  have  the  capability 
of  using  electron  guns  with  sufficient  power  levels  to  penetrate 
and  weld  the  normal  panel  plate  thickness  ranges  (1/4  to  2  in.) 
seen  in  most  surface-effect  shipyards.  It  was  suggested  by  the 
KB  manufacturers  consulted  that  the  power  level  of  40-60  KW  would 
be  suited  for  welding  of  plates  in  this  thickness  range.  The 
length  of  the  panel/deck  weld  seams  (40  to  50  ft.  normally)  would 
require  that  the  specific  design  be  developed  to  accommodate  seam 
tracking  and  maintaining  a  consistent  vacuum  over  the  entire 
length  of  the  seam. 

In  past  studies  by  varius  users  of  mobile  or  sliding  seal  KB 
equipment,  they  discovered  that  the  local  chambers  have  to  be 
pumped  rapidly  to  exhaust  the  metal  vapors  emitted  during 
welding,  otherwise  arc  outs  of  the  beam  regularly  occurred.  The 
high  production  and  quality  requirements  of  the  shipyard  industry 
may  require  that  more  development  work  be  accomplished  on  these 
designs  to  overcome  this  problem. 


With  the  gap  tolerances  of  the  square  butt  edge  prep  necessary 
for  electron  beam  welding  (less  than  1%  of  the  plate  thickness), 
the  shipyard  would  have  to  decide  if  their  manufacturing 
tolerances  of  plate  edge  preparation  could  be  controlled  this 
accurately  with  machining  or  if  filler  metal  would  need  to  be 


added.  With  filler  metal  additions,  a  gap  of  up  to  3*  of  the 
plate  thickness  would  probably  be  acceptable.  Both  the  Sciaky 
and  Steigerwald  mobile  vacuum  designs  have  filler  metal  addition 
capab i  l  i  t  ies . 

The  shipyard  would  also  need  to  evaluate  their  present  fit- up 
methods.  The  tight  gap  tolerance  requirement  for  KB  welding 
would  necessitate  a  better  quality  assurance  method  for 
guaranteeing  proper  fit-up  before  welding  commences  or  excessive 
repairs  would  result. 

Since  the  electron  gun  is  exposed  during  welding  with  the  mobile 
and  non-vacuum  concepts,  the  welding  equipment  would  have  to  be 
covered  with  adequate  lead  shielding  to  decrease  the  x-ray 
emission  to  an  acceptable  industrial  safety  level. 

The  non-vacuum  EB  welding  system  would  be  somewhat  limited  to 
only  shipyards  that  weld  between  1/4  to  1-1/4  in.  panel  plates. 
The  present  power  level  of  36  kw  for  the  NVEB  equipment  is 
restricting  but  there  are  more  powerful  units  being  developed 
which  should  show  promise  for  welding  plates  thicker  than  1-1/4 
i  n  . 

Both  mobile  and  non-vacuum  EB  systems  could  be  adapted  to  the 
panel  line  with  a  traversing  bridge  welding  concept,  very  similar 
to  what  is  presently  used  for  production  welding  with  automatic 
submerged  arc  welding  equipment.  Figures  36  and  37  show  the 
conceptual  layout  for  the  adaptation  of  the  mobile  and  non-vacuum 
systems  to  the  panel  line  fabrication  area.  The  assembly  line 
method  of  EB  welding  the  panel  plates  would  effectively  blend 
into  the  present  methods  of  fabrication  for  the  shipbuilding 
industry. 


The  large  chamber  EB  welding  concept  would  readily  adapt  to  the 
panel/deck  fab  area. 

For  large  chamber  EB  welding  to  be  economically  competitive  with 
automatic  subarc  welding,  the  chamber  would  have  to  large  enough 
to  accommodate  a  panel  plate  assembly  (4  plates  -  10  ft.  x  40 
ft.)  inside  for  each  purapdown.  If  the  inside  dimensions  of  the 
chamber  were  45  ft.  I.  x  45  ft.  W  x  5  ft.  H,  it  would  have  a 
volume  of  10,125  ft3  (375  MJ)  or  about  33*  more  volume  than  the 
Mitsubishi  chamber  in  .Japan. 

If  similar  evacuation  systems  were  used  on  this  chamber, 
approximate  pumpdown  time  would  be  30  minutes.  One  of  the  main 
considerat  ions  of  a  chamber  this  size  and  shape  would  be 
designing  it  with  sufficient  external  stiffening  to  minimize 
de  flee:  lion  due  to  external  air  loading.  This  deflection  must  be 


kept  adequately  low  if  there  is  to  be  good  mechanical  alignment 
of  the  electron  beam  path  and  the  weld  seam,  since  the  vacuum 
chamber  acts  as  the  mounting  surface  for  the  work  piece  and  the 
gun  transport  systems. 

The  other  major  factor  of  a  vacuum  chamber  this  size  would  be  the 
cost.  Estimated  prices  of  a  chamber  this  size  with  BB  and  vacuum 
systems  may  cost  as  much  as  $5  million.  Of  course,  this  would 
also  be  partly  dependent  upon  the  power  rating  of  the  gun  and  the 
pumping  systems  adapted,  but  these  would  be  a  relatively  low 
percentage  in  the  overall  cost  as  compared  to  the  vacuum  chamber. 
This  $5  million  dollar  cost  would  also  cover  the  expense  of  run 
out  systems,  internal  tracking  mechanisms,  and  the  erection  cost 
of  the  chamber  at  site. 

With  a  chamber  this  large,  an  internally  mounted  gun  would  be  the 
most  advantageous  to  increase  productivity  and  give  greater 
welding  flexibility.  The  addition  of  computer  control  systems 
over  the  EB  welding  functions  as  well  as  the  gun  carriage  travel 
mechanisms  would  provide  a  complete  hardware  and  software  package 
to  monitor  quality  assurance  in  each  EB  welded  seam. 

Figure  .'18  shows  the  conceptual  layout  for  the  adaptation  of  a 
large  vacuum  chamber  with  EB  welding  systems  to  panel  line 
fabrication.  The  large  chamber  could  be  set.-  up  in  an  assembly 
line  method  if  motorized  doors  were  placed  on  the  front  and 
backside  of  the  chamber  to  allow  for  continuous  line  travel  of 
the  panel  plates. 


T  -STIFFENERS  TO  FLAT  E'ANEL  FABRICATION 

The  filLet  wolds  required  on  each  side;  of  the  Longitudinal 
T  stiffeners  that  run  the  Length  of  the  panel  plates  could  be  EB 
welded  in  the'  large  vacuum  chamber  concept. 

From  previous  development  test  performed  by  DTNSRDC  for  Contract 
No.  N00600  77  C  1554  and  report  SMK  81/115,  T  stiffener  to  panel, 
partial  penetration  fillet  welds  were  welded  in  a  vacuum  chamber 
with  the  KB  gun  angled  at  45°  to  the  plane  of  the  panel  with  no 
filler  wire  add  i  t  ions . 8  ■  0  All  fillet  welds  were  examined  by 
mag  particle  and  f Lou res cent  penetrant  testing  and  found  to  be 
acceptable.  The  configuration  and  layout  of  the  T  stiffener  and 
panel  plates  used  in  these;  reports  are  shown  in  Figures  40  and 
41.  A  typical  cross  section  of  the  fillet  is  shown  in  Figure  39. 

The;  shipyards  visited  for  the  study  of  this  report  used 
T  stiffeners  with  varying  thickness,  some  with  webs  as  thick  as 
1.0  in.  Further  tests  should  be  proposed  on  Tee  configuration 
welds  of  plates  with  this  thickness  to  ensure  that  solidification 
cracking  would  not  he  a  problem. 


PANEL 


F  1GURE 


FILLET  WELD  TECHNIQUE 


Mobile;  vacuum  chamber  and  non -vacuum  EB  welding  has  not  been 
tested  on  Tstiffener  to  panel  plate  fillet  welding.  Each  of 
these  methods  of  welding  are  not  readily  adaptable  for  this 
application  due  to  the  configuration.  The  mobile  vacuum  needs  a 
flat  welding  surface  to  form  a  vacuum  and  NVEB  welding  has  a  very 
short  working  distance  and  limited  penetrating  capabilities.  The 
wide  dispersion  of  the  NV  electron  beam  could  possibly  cause 
undercutting  in  the  tee  web  unless  filler  metal  was  added. 


FIGURE  41  T-STIFFENER  TO  PANEL  ASSEMBLY 
EB  FILLET  WELDED 


This  KB  pipe  welding  equipment  has  made  over  1200  welds 
different  types  of  materials  with  successful  results. 


Another  design  (Sciaky)  for  pipe  welding  is  where  the  KB  gun  is 
positioned  inside  the  pipe  to  create  a  local  vacuum  chamber. 
(See  Figures  43  and  44)11  The  local  vacuum  chamber  is  integrated 
into  the  gun  support,  travel  and  centering  mechanisms.  Two 
inflatable  seals  are  located  on  the  ends  of  the  pipe  to  allow 
pumping  the  inside  to  a  soft  vacuum  (10~3  to  1 0  2  torr).  The  EB 
gun  is  maintained  at  a  hard  vacuum  ( 10" 6  to  10'4  torr)  by  a 
t urbomo 1  ecu l ar  pump.  On  the  outside  of  the  pipe  seam  is  a 
counter  chamber  (See  Figures  44  and  45)  which  holds  the  stopping 
bar  for  the  excess  beam  current.  The  counter  chamber  stays  at  a 
soft  vacuum  level. 


This  design  can  weld  pipe  with 
(250mm)  and  a  maximum  of  30  in 


a  mini  mum 
( 750mm ) . 


diameter 


FIGURE  43  INTERNAL  EB  GUN 
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FIGURE  44  SCHEMATIC  PRESENTATION  OF  INTERNAL  CHAMBER  FOR  EB  PIPE 
WELDING.  1-ELECTRON  GUN;  2-COUNTER  CHAMBER;  3-TURBO- 
MOLECULAR  PUMP;  4- INFLATABLE  SEALS.  DARK  SHADED  AREA: 
SECONDARY  VACUUM;  LIGHT  SHADED  AREA:  PRIMARY  VACUUM 


With  the  thousands  of  pipewelds  required  for  each  ship,  the 
application  of  EB  welding  would  appear  to  be  very  feasible  for 
the  shipyard  industry.  Since  the  pipe  spooling  area  could  be 
located  in  an  isolated  section  of  the  fabrication  facility,  it 
would  be  ideal  for  a  controlled  environment  for  the  EB  welding 
systems.  In  a  temperature  and  humidity  regulated  atmosphere  the 
EB  computer  systems  would  have  better  reliability. 

Piping  also  has  the  advantage  of  having  commercially  available 
machining  units  on  the  market  that  could  machine  the  square  butt 
edge  preparation  to  the  necessary  tolerances  for  EB  welding.  The 
units  are  relatively  inexpensive  and  could  be  set  up  in  a  pipe 
spooling  operation.  The  cost  for  machining  the  square  butt  edge 


preparation  on  a  pipe  should  be  comparable  to  conventional  flame 
cutting  techniques. 

Tiio  adaption  of  the  presently  available  EB  pipe  welding  equipment 
to  the  various  diameters  of  pipe  in  shipbuilding  (2  in.  to  20 
in.  )  would  require;  some  development,  work  in  the'  form  of  seal 
modifications  and  holding  fixtures. 


T  STIFFENER  WEB  TO  FLANGE  WELDS 

Since  the  shipyards  have  been  unable  to  order  high  strength 
T  stiffeners  (MO  ks  i  yield  strength  material)  from  the;  ste;e;l 
mills,  they  have  been  forced  to  fabricate  the  webs  and  flanges 
Prom  flat  plate'  material.  This  results  in  each  shipyard  cutting 
plate  with  a  shear  and  welding  the  longitudinal  fillet  welds  and 
butt  splices  of  e a ch  web  to  flange  member.  This  has  resulted  in 
a  time  consuming  operation. 

KB  welding  lest  performed  by  Grumman  Aerospace  Corp.  for  the  Navy 
have  proven  that  web  and  flange  members  trail  be  welded  together  in 
a  pract  ical  and  feasible  method.8  Plate  thickness  of  2/4  in.  and 
1  in.  Hy  MO  material  was  used  for  the  web  and  flange  members. 
(See  Figure  46>)  The  2fi  ft.  length  tees  were  welded  in  a  vacuum 
chamber  with  the  longitudinal  seam  welded  in  the  horizontal 
position  arid  the  butt  splices  made  in  the  vertical  position. 
Except  for  a  few  instances  of  the  electron  beam  missing  the  weld 
seam,  the  welds  w ere  found  to  be  sound  by  radiographic  and 
ultrasonic  testing.  A  typical  T -stiffener  web  to  flange  EB  weld 
cross  seel  ion  is  shown  in  Figure  47. 
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To  obtain  sound  KB  wolds,  Grumman  found  that  the  to] lowing  was 
necessary  for  the  preweld  operation: 

J )  The  face,  root  and  interface  areas  of  each  web  and  flange 
member  should  be  disc  sanded  along  its  entire 
length. 

2)  Kach  web  and  flange  member  had  to  be  magnet  ical  ly 
degaussed  to  minimize  beam  deflection. 

2)  Because  the  welding  was  performed  without  preheat, 
relatively  slow  speeds  ami  high  heat  inputs  were 
necessary  to  prevent  cracking. 

4)  Oscillation  of  the  electron  beam  reduced  or  eliminated 
porosity  in  the  weld. 

After  wr-ldirig  of  the  T  stiffener,  it  was  found  that  the  Hy  80  KB 
welds  exhibited  relatively  high  hardness  values  in  the  weld  and 
HAX .  A  post  weld  heat  treat  of  one  ( I )  hour  at  1200° F  was  found 
to  lower-  the  weld/HAZ  hardness  to  an  acceptable  level  while 
maintaining  satisfactory  toughness  and  ductility. 

Since  the  shipyards  do  not  post  weld  heat  treat  the  Tstiffener 
web  to  flange  welds  for  normal  fabricat  ion  pract  ice,  other  high 
strength  materials  such  as  A710  Grade  A  should  be  considered 
instead  of  HY80  material  for  KB  welding.  The  mechanical  pro 

perties  of  A7 10  Gr.  A  material  appear  to  be  better  in  the  as 
welded  cond.it  ion  after  KB  welding  (refer  to  data  in  Sect  ion  f> ) 
than  ft Y80  . 

In  general,  these  eonsiderat  ions  would  need  to  tie  applied  t<>  t  hi' 
shipbuilding  industries  method  of  fabricating  panel,  stiffen  el¬ 
and  pipe  components  if  electron  beam  welding  were  used. 

1)  P  late  or-  pipe  edges  should  be  machined  with  a  tight 
fitting  gap . 

2)  Plates  should  bo  checked  for  contaminants  on  surfaces  that 
would  increase  pumpdown  time  of  the  vacuum  chamber. 

2  1  Plate'  or  pipe  edges  would  have  to  cleaned  with  solvent 
(leaner  and  visually  checked  before  welding  to  avoid 
de  fee  t  s . 

4)  In  order  to  prevent  inissirrg  the  weld  seam  due  to  beam 
deflection  from  residual  magnetism,  the  plates  would 
probably  have  to  be  demagnet  i zed  b y  an  effective 
degaussing  technique.  The  plates  would  probably  have  a 
relatively  high  level  of  magnetism  since  the  plates 
handled  by  DC  electro  magnets  in  the  shipyard. 


a  re 


(  con  t  d ) 


Several  techniques  for  demagnetizing  are  available,  such 
as  a  reversing  DC  magnetic  system  where  terminals  are 
connected  at  diagonals  to  the  plate  and  4000-5000  amps  of 
DC  current  is  passed  through  for  4-5  minutes.  The 
terminals  are  reversed  and  the  procedure  is  repeated. 
Another  method  would  be  a  magnetic  stepdown  chamber  where 
the  plates  are  passed  through  a  chamber  wrapped  with  coils 
every  4  or  5  ft.  An  alternating  pulse  would  be  used  and 
the  amplitude  of  the  current  would  be  tapered  off  at  the 
end  of  the  plate.27 

Either  method  would  be  acceptable  for  stepping  down  the 
residual  magnetism  in  the  plate.  Typical  cost  of  this 
demag  setup  would  be  about  $30,000. 

Another  technique  for  reducing  the  beam  deflection  is  by 
shielding  the  beam  with  a  screening  pipe  that  covers  the 
beam  from  the  electron  gun  to  the  work.  Tests  have  shown 
that  plates  with  high  magnetism  can  be  successfully  welded 
with  only  the  use  of  a  screening  pipe  and  no 
demagnetization  of  the  plate.12  This  may  be  the  most  cost 
effective  method  of  overcoming  the  residual  magnetism  in 
the  plates  before  they  are  F.B  welded. 

Certain  components  of  the  EB  set  -up  (computer  control 
cabinet,  servo  cabinet  and  the  power  distribution  cabinet) 
should  be  housed  in  a  regulated  environment  which  is 
relatively  dust  and  humidity  free,  to  maintain  the 
reliability  of  the  electrical  components.  Downtime  due  to 
shorts  or  electrical  component  failure  can  be  troublesome 
and  labor  intensive  to  troubleshoot. 

Specially  trained  operators  and  maintenance  technicians 
would  have  to  be  trained  to  correctly  operate  and  service 
the  equipment. 


EQUIPMENT  PROCESS  SURVEY 


Aa  part  of  the  study  for  this  report,  a  survey  was  taken  of  the 
domestic  electron  beam  manufacturers  and  the  equipment  they 
produce.  The  EB  manufacturers  which  the  data  was  received  from 
are  1)  Leybold  Heraeus  Vacuum  Systems,  2)  Sciaky  Bros.  and  3)  MG 
Industries  -  Steigerwald  Systems. 

Each  manufacturer  has  a  complete  range  of  options  available  from 
high  and  low  voltage  EB  guns  to  small  and  large  chambers.  The 
power  rating  of  the  EB  guns  and  the  size  of  the  chambers 
available  vary,  due  to  the  requirements  of  the  material  thickness 
and  the  component  size  of  the  customer  purchasing  the  equipment. 

Table  2  shows  the  options  available  from  each  of  the  three 
manufacturers.  Each  manufacturer  has  the  capabilities  to  design 
a  large  chamber  system  to  meet  the  requirements  of  the 
shipbuilding  industry.  The  final  cost  of  the  EB  system  would  be 
dependent  on  the  options  that  are  required  by  the  individual 
shipyard . 


Leybold-Heraeus 


Sciaky 


MG  Industries- 
5 teiqerwald 
Systems 


w 

OJ 


X  -  Option  Available  from  Manufacturer 


TABLE  2 


Each  EB  manufacturer  has  completed  a  questionnaire  that  describes 
areas  such  as  EB  models  available,  delivery  time,  equipment 
reliability,  etc. 


Also  attached  to  each  KB  manufacturer  questionnaire  is  an 
appendix  (submitted  by  the  manufacturer)  which  gives  the 
technical  data  of  their  equipment.  The  appendices  are  as 
foil ows : 


1 ) 

Leybold  Heraeus 

Appendix 

A 

2) 

Sc iaky 

Appendix 

B 

3) 

MG  Industries  - 

Appendix 

C 

Steigerwald  Systems 

Each  manufacturer  provides  for  supervision  of  installation  of  any 
EB  equipment  as  an  integral  part  of  the  equipment  sale.  A 
service  representative  would  be  available  to  provide  onsite 
technical  advise  and  check  on  the  erection,  assembly,  sequence  of 
work  and  pre- operat ional  testing  of  the  EB  equipment  purchased. 
However,  the  overall  responsibility  for  the  work  performed  during 
installation  and  construction  would  remain  with  the  purchaser  and 
the  purchaser  would  be  responsible  for  the  supervision  of  workmen 
and  the  quality  of  wo  r  kmansh  i  )■ . 

Each  manufacturer  conducts  training  programs  covering  the  design 
and  operation  of  the  equipment  they  supply.  It  is  recommended  by 
the  manufacturer  that  the  maintenance  personnel  and  equipment 
operators  obtain  proper  class  com  training  prior  to  operation  of 
the  equ i pmen t . 

Several  electron  beam  equipment  users  were  surveyed  and  the  data 
that  was  collected  is  shown  on  the  EB  applicators  questionnaire 
form  located  behind  the  Manufacturers  section. 
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ELECTRON  BEAM  MANUFACTURER  SOURCE  QUESTIONNAIRE 


Company  Name:  Leybo 1 d  Heraeus  Vacuum  Systems  Inc. 

Address:  120  F’ost.  Road,  Enfield,  CT  06082 

Telephone:  (202)  741  22HI 

U.S.  Representative: 

E.B.  Models  Available  (High,  Partial  and  No-Vacuum  Systems): 

.  Model:  High  and  low  voltage,  high  and  partial  vacuum  models 
high  voltage,  non-vacuum  models. 

.  Output  Rat  ing  (KW):  High  and  partial  vacuum  models,  up  to 

60kW;  non-vacuum  models,  up  to  40kW. 

.  Status:  All  of  the  above,  standardly  available  models. 

.  Deve  l  opmen  t :  - 

.  Commerc l a l : 

Delivery  Time:  6  to  18  months,  depending  on  type  and  com 

plexit.y  of  total  system  ordered. 

Number  of  Electron  Beam  Units  Supplied:  Approximately  1000 

systems ,  to  date. 

.  Customer  Name:  Wide  variety  of  both  domestic  and  inter 

national  aerospace,  automotive,  nuclear, 
job  shop,  etc.  customers  (P&WA,  GE ,  GM , 

FORD,  DOE,  etc.,  etc.). 

Address: 

Electron  Beam  Budgetary  Costs  ($)  or  ($/KW): 

$400,000  to  $1,600,000,  approx,  range  of  total 
system  costs,  depending  on  size  and  sophist ica 
lion  o f  total  system  ordered. 

Electron  Beam  Equipment  Reliability: 

Uptime  (hr/wk):  00  to  100%,  AVG.  uptime  percentage,  for 

high  vac.  systems  being  operated  I  to  2  shifts  per  day 
5  to  6  days  per  week;  70  to  00%  for  partial  and  non-vacuum 
systems  being  operated  2  to  2  shifts  per  day  6  to  7  days 
per  week . 


( con  t i nued ) 


Repair  Time  (hr):  1/2  hr.  (AVG.)  for  normal  repairs, 

4  hrs.  (AVG.)  for  abnormal  repairs. 

Available  Service  Program:  Full  service  and  apart:  part  support 

available,  for  both  scheduled  and 
unscheduled  types  of  required  service 
assistance. 

On-Site  Maintenance  Skill  Requirements: 

Same  as  required  for  other  similar  type, 
industrial  style/CNC  machine  tools. 

Electron  Beam  Fact  Sheets: 

KB  Unit  Dimensions:  Systems  available  vary  widely  in  size 

covering  a  range  of  from  very  small 
Weight:  to  very  large 

Per  f  ormance : 

Consumables  (Cooling  Water,  Gas,  Cover,  etc.):  . 

Critical  Component(s)  (Cathode,  Filament,  etc.): 

Operating  Cost  ($/hr):  From  $0.05  to  $0.95  per  hour,  total 

operating  costs,  per  kW  of  delivered 
beam  power;  range  dependent  on  whether 
system  employed  in  a  lab  environment 
or  production  environment. 

Electrical  Requirements:  460V/3  phase;  kVA  draw  depends  on 

system  size  and  complexity  -  and  spans 
a  range  of  from  40  to  18-kVA. 

Welding  Experience  Data  _iPowej- We l ding  Speed ,  Heat  Input, _ Weld 

thickness)  with: 

A1SI  1018:  4.75  inch  penetration  (bead  on  plate),  at  10  ipm, 

using  30  k  W . 

MY  HO  :  l  i  nch  penrt  rut  i  on  (  bn  I  t  we  Id),  20  i  pm ,  using  5.7  kW  . 

ASTM  A302B:  2  inch  penetration  (butt  weld  with  backup),  17  ipm, 

using  22kW. 

304  St.  Stl.:  5  inch  penetration  (bead  on  plate),  at  5  ipm, 
using  25kW. 

AA  1100  A1 :  5  inch  penetration  (bead  on  plate),  at  10  ipm, 

using  25kW. 


( cont inued) 


.  AA  5083  Al:  4  inch  penetration  (butt  weld),  at  10  ipm, 
using  19.5kW. 

.  6AL-4V  Titanium:  5  inch  penetration  (bead  on  plate),  at  5  ipm, 

using  30  kW. 

OFHC  Copper:  2  inch  penetration  (bead  on  plate),  at  18  ipm, 

using  25kW. 

Above  are  just  a  few  examples  of  the  various  EB  welding  investi¬ 
gations  that  LHVS  has  conducted. 

Safety  Considerations  (OSHA):  OSHA  specified  personnel  safety 

requirements  covered  by  system  design 
considerat ions . 

Literature  furnished  by  Leybo ld-Heraeus  is  included  in  Appendix  A 
of  Section  11  of  this  report. 
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FIGURE  48  LEYBOLD  HERAEUS  EBW  36000 
60  KW  MACHINE 


ELECTRON  BEAM  MANUFACTURER  SOURCE  QUESTIONNAIRE 


Company  Name:  Sciaky  Bros.,  Inc. 

Address:  4915  W.  67th  Street  -  Chicago,  Illinois  60638 

Telephone:  (312)  594-3800 

U.S.  Representative:  Sciaky  Sales  Organization 

E.B.  Models  Available  (High,  Partial  and  No-Vacuum  Systems) 

Model:  High  Vacuum  (VX)  -  Partial  Vacuum  (CV) 

.  Output  Rating  (KW):  7.5/15/30/42  KW 

.  Status:  Fully  available  as  60  KV  equipment 

.  Development:  150  KW/100  ma  (high  voltage  equipment) 

.  Commercial:  Fully  Automated  Welding  System  with  CNC  Control. 

Delivery  Time:  30-50  weeks  depending  upon  machine  type 

Number  of  Electron  Beam  Units  Supplied:  Over  500  units 

.  Customer  Name:  All  major  aerospace/automotive/nuclear/drilling 

and  mining/and  job  shop  customers. 

.  Address: 

Electron  Beam  Budgetary  Costs  ($)  or  ($/KW): 

$300,000  o  $2,000,000 

Electron  Beam  Equipment  Reliability: 

.  Uptime  (hr/wk):  75*  to  80*  up  time 

.  Repair  Time  (hr.):  Varies  depending  upon  problem 

Available  Service  Program:  Service  response  within  24  hours 

On-Site  Maintenance  Skill  Requirements:  Normal  mechanical  and 

electrical  skills 


Electron  Beam  Fact  Sheets: 


EB  Unit  Dimensions:  Std.  Mach.  -  Approx.  18’  x  22’  x  10’ 

( f 1 oor  space ) 

Weight:  20,000  to  50,000  lbs. 

Performance:  Excellent  -  full  CNC  control  with  diagnostics 

and  mon i t or  L ng 

Consumables  (Cooling  Water,  Gas  Cover,  etc.): 

Cooling  water  10  GPM 
Cover  Gas  -  None  required 

Critical  Component(s)  (Cathode,  Filament,  etc.): 

Filament  (consumable  20  hrs)  $7.00 

Operating  Cost  ($/hr):  Approx.  4-5  dollars  per  hour  (nominal) 

Electrical  Requirements:  480  volt/60  cycle/3  phase/300  amp. 

Welding  Experience  Data  (Power,  Welding  Speed,  Heat  Input,  Weld 
thickness  with: 

Carbon  Grade  Structural  Steel:  - 

HSLA  Steel  Grade  A710: 

Grade  E633 : 

HY80,  HY  100: 

Al,  Ti,  Other  Alloys: 

Safety  Considerations  (OSHA):  Meets  all  local  and  government 

safety  requirements 

Literature  furnished  by  Sciaky  Bros.,  Inc.  is  included  in 
Appendix  B  of  Section  11  of  this  report. 


Experience  on  several 
grades  of  Carbon  Steel, 
Stainless,  Aluminum  and 
Titanium  Alloys. 


till* 


MG  INDUSTRIES 
STEIGERWALD  SYSTEMS 
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ELECTRON  BEAM  MANUFACTURER  SOURCE  QUESTIONNAIRE 


1.  Company  Name:  MG  Industries  -  Steigerwald  Systems 

2.  Address:  W14I  N9427  Fountain  Blvd. 

Menomonee  Falls,  WI  53051 

3.  Telephone:  (414)  255-5520 

4.  U.S.  Representative:  -  Delaware  Corp.  -  MFG.  in  Wisconsin 

5.  E.B.  Models  Available  (High,  Partial  and  No-Vacuum  Systems) 

.  Model:  All  Sizes  High,  Partial  -  No  Non-Vacuum 

.  Output  Rating  (KW):  3,  6,  8.5,  15,  30,  60  KW 

Status:  All  Mature,  Operating  in  Production 

Development:  New  E.B.  Perforator  Under  Devel. 

.  Commercial:  New  Systems  and  Modifications  Constantly 

Coming  Out 

6.  Delivery  Time:  8  12  Months  Standard  -  12-15  Months  for  Special 

7.  Number  of  Electron  Beam  Units  Supplied: 

Hundreds  -  World-Wide 

.  Customer  Name: 

.  Address: 

8.  Electron  Beam  Budgetary  Costs  ($)  or  ($/KW): 

Sys  terns  Prices  start  at  $275,000  and  can  go  up  to 
$3,000,000  -t  Each. 

9.  Electron  Beam  Equipment  Reliability: 

.  Uptime  (hr/wk):  Documented  19  Hr/Day  Up  Time 

Repair  Time  (hr):  Question  Unanswerable  Without  More 

Specific  Data. 

10.  Available  Service  Program:  All  Types  of  Training  &  Assistance 
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On-Site  Maintenance  Skill  Requirements: 

Same  as  Required  for  Typical  CNS  Machining  Center 

Electron  Beam  Fact  Sheets 


Typical  Only 

EB  Unit  Dimensions:  Smallest  36"3  Largest  10  Ft.3 

Weight:  14,000#  to  over  150,000# 

Performance:  Foil  Thickness  to  17"  Aluminum  -  1  Pass 

Consumables  (Cooling  Water,  Gas  Cover,  etc.): 

.  Filaments  Electricity  -  480  V  3  Phase  100A 

.  No  Gas  4  GPM  -  Water 

80  PS  I  -  Air 

Critical  Component(s)  Primarily:  Vacuum  Seals,  Gum  Filament, 

Follow  P/M  Schedule 

Operating  Cost  ( $  hr):  Less  than  $12/Hr  -  Not  Including  Labor 

and  Amortization. 

Electrical  Requirements:  Typical:  480V  30  100A 

Welding  Experience  Data  (Power,  Welding  Speed,  Heat  Input, 

Weld  Thickness)  with: 

Carbon  Grade  Structural  Steel:  5"  @  15  IPM  10"  @  6  IPM 

HSLA  Steel  Grade  A710:  See  our  Data  Sheet  on  Deep  Weld 

of  Cr/Moly  Steel 


Grade  E633: 

Hy80 ,  Hy  100: 

Ai,  Ti,  Other  Alloys:  -  Up  to  17"  Aluminum 

Safety  Considerations  (OSHA):  Systems  meet  OSHA  when  they 

are  shipped  and  leave  the 
Manuf  acturer . 

Submitted  by  MG  I ,  Menomonee  Falls,  WI. 


Literature  furnished  by  MG  Industries  is  included  in  Appendix 
C  of  Section  11  of  this  report. 
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ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 


1.  Applicators  Name:  American  Saw  Co. 

2.  Address:  East  Bedford,  Mass. 

3.  Telephone:  (413)  525-3961 

4.  Description  of  Electron  Beam  Welding  Equipment: 

.  EB  Manufacturer/Output  Rating  (KW):  1)  2  Steigerwald  Units  8.5  KW 

(150  KV,  50  ma) 

2)  2  Leybold  Heraeus  7.5KW 


.  Optional  Subsystems  (Computer,  Printer,  etc.): 

S t ruthers - Dunn  Computer  Systems 

.  Chamber  Size:  36  in.  x  23  in.  x  30  in. 

.  High,  Partial,  or  Non-Vacuum  System:  High  vacuum  systems 

5.  Critical  Components:  1)  filament  (90-100  hra)  ($10) 

2)  electrical  components 

6.  Operating  Cost  ($/Hr):  N/A 

7.  System  Reliability:  20  hrs/day;  6  day/wk;  4.5  million  feet  of 

saw  blades  welded  per  month 

.  Uptime  (Hr/Wk):  95*  uptime,  2  hrs/wk  maintenance 

2  hrs.  maintenance  1  week 

8.  Welding  Experience  (Power,  Welding  Speed,  Weld  Thk . )  with: 

.  Carbon  Steel  Structural  Grade 


HSLA  Steel  Grade  A710: 
Grade  E633: 

HY  80,  HY  100: 

Aluminum,  Titanium  Alloys: 

9.  Number  of  Trained  Operators: 

Level  of  Training:  Medium 
.  Availability  of  Operators: 

Experience: 


high  grade  carbon  steel 
M42 

high  carbon  steel 
(0.020"  -  0.  125") 

1  operator  each  12  hr.  shift 

N/A 


E 


Safety  Precautions: 


Normal  precautions  of  xray,  etc. 


ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 


Applicators  Name:  Martin  Marietta 

2.  Address:  Oak  Ridge,  Tenn. 

3.  Telephone:  (615)  574-4807 

4.  Description  of  Electron  Beam  Welding  Equipment: 

.  EB  Manufacturer/Output  Rating  (KW):  (1)  Leybold  Heraeus  15  KW 

Unit  (150  KV,  100  ma) 

.  Optional  Subsystems  (Computer,  Printer,  etc.): 

CNC  Computer  System  (Allen  Bradley) 

.  Chamber  Size:  56  in.  x  40  in.  x  36  in. 

.  High,  Partial,  or  Non-Vacuum  System:  High  vacuum  systems 

5.  Critical  Components:  1)  vacuum  door  seals 

2)  filament 

6.  Operating  Cost  ($/Hr):  N/A 

System  Reliability: 

.  Uptime  (Hr/Wk):  95%  uptime,  2  hrs/wk  maintenance 
Welding  Experience  (Power,  Welding  Speed,  Weld  Thk . )  with: 


Carbon  Steel  Structural  Grade 


HS  LA  Steel  Grade  A710: 


Grade  E633 : 


HV  80,  HY  100: 


1)  Carbon  Steels  (2-3" ) 

2)  Aluminum 

3)  Low  Alloy 


.  Aluminum,  Titanium  Alloys: 

Number  of  Trained  Operators:  3  operators 
Level  of  Training:  Moderate 
.  Availability  of  Operators:  N/A 
Experience.  N/A 

Safety  Precautions:  Radiation  Precautions 


.Vj. 
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ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 


Applicators  Name:  Ridge  Tool  Co. 

Address:  Cleveland,  Ohio 

Telephone:  (216)  323-5581 

Description  of  Electron  Beam  Welding  Equipment: 

.  EB  Manuf acturer/Output  Rating  (KW):  (1)  Leybold  Heraeus 

15  KW  Unit 

Optional  Subsystems  (Computer,  Printer,  etc.): 

Computer  and  Printer 

.  Chamber  Size:  52  in.  x  36  in.  x  30  in. 

High,  Partial,  or  Non-Vacuum  System:  High  vacuum  systems 
Critical  Components:  computer,  electrical  problems 
Operating  Cost  ($/Hr):  N/A 

System  Reliability: 

.  Uptime  (Hr/Wk):  85*  or  better 

Welding  Experience  (Power,  Welding  Speed,  Weld  Thk.)  with: 

.  Carbon  Steel  Structural  Grade 

.  HSLA  Steel  Grade  A710:  mostly  carbon  steels 

Grade  E633: 

HV  3C ,  Hi  100. 

Aluminum,  Titanium  Alloys: 

Number  of  Trained  Operators:  5  operators 

Level  of  Training:  N/A 
Availability  of  Operators:  N/A 
Experience:  N/A 

Safety  Precautions:  Radiation  Safety 


ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 


1.  Applicators  Name:  McDonald  Douglas 

2.  Address:  Titusville,  Fla. 

3.  Telephone:  (305)  268-7126 

4.  Description  of  Electron  Beam  Welding  Equipment: 

.  EB  Manufacturer/Output  Rating  (KW):  (1)  Steigerwald  30  KW  Unit 

.  Optional  Subsystems  (Computer,  Printer,  etc.): 

Direct  Numerical  Control 

.  Chamber  Size:  3  ft.  x  6  ft.  x  13  ft 

.  High,  Partial,  or  Non-Vacuum  System:  High  vacuum  systems 

5.  Critical  Components:  1)  filament  ($8-10)  40  hrs,  2)  vacuum  system 

seals  3)  electrical  components 

6.  Operating  Cost  ($/Hr):  N/A 

7.  System  Reliability: 

.  Uptime  (Hr/Wk):  85\  ,  3  rahrs/wk  maintenance 

8.  Welding  Experience  (Power,  Welding  Speed,  Weld  Thk . )  with: 

.  Carbon  Steel  Structural  Grade 

.  HSLA  Steel  Grade  A710:  Only  2219  Al urn i num 

Grade  E633: 

.  HY  80,  HY  100: 

.  Aluminum,  Titanium  Alloys: 

9.  Number  of  Trained  Operators:  3  operators 
.  Level  of  Training:  N/A 

Availability  of  Operators:  N/A 
Experience: 


a 


Safety  Precautions: 


Precautionary  measures  for  x-radiation 


ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 


1.  Applicators  Name:  Aero  Technical  Services 

2.  Address:  San  Antonio,  Texas 

3.  Telephone:  (512)  333-6010 

4.  Description  of  Electron  Beam  Welding  Equipment: 

.  EB  Manufacturer/Output  Rating  (KW):  Sciaky  15  KW  gun 

Steigerwald  6.5  KW  gun 

Optional  Subsystems  (Computer,  Printer,  etc.):  Manual 

Chamber  Size:  62"  x  92"  x  108"  Sciaky 
36"  sq.  0  Steigerwald 

High,  Partial,  or  Non-Vacuum  System:  High  Vacuum 

5.  Critical  Components:  Filament,  cathode  regularly 

6.  Operating  Cost  ($/Hr):  $100/Hr.  (includes  labor) 

7.  System  Reliability:  Good 

Uptime  (Hr/Wk):  40  hrs/wk 

1-2  hrs./wk  maintenance 

8.  Welding  Experience  (Power,  Welding  Speed,  Weld  Thk .  )  with: 

Carbon  Steel  Structural  Grade 

.  HSLA  Steel  Grade  A710:  Some  on  all  types  of  carbon 

Grade  E633:  stainless,  aluminum, 

titanium  alloys 

HY  80,  HY  100: 

Aluminum,  Titanium  Alloys: 

9.  Number  of  Trained  Operators:  2  Operators 

Level  of  Training:  High 

Availability  of  Operators:  N/A 

Experience; 

10.  Safety  Precautions:  Electrical,  radiation  safety 
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ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 


Applicators  Name:  Grumman  Aircraft  Corp. 

Address:  Bethpage,  N.Y. 

Telephone: 

Description  of  Electron  Beam  Welding  Equipment: 

EB  Manufacturer/Output  Rating  (KW):  2  guns  30  KW 

( 60K V ,  500ma) 

.  Optional  Subsystems  (Computer,  Printer,  etc.): 
computer,  printers 

.  Chamber  Size:  Rectangular  Chamber  -  302  in.  x  108  in.  x  132  in 

Clamshell  Chamber  -  388  in.  x  126  in.  x  96  in. 

High,  Partial,  or  Non-Vacuum  System:  High  Vacuum 

Critical  Components:  Filament,  anode 

Operating  Cost  ($/Hr):  Not  Available 

System  Reliability:  Good 

.  Uptime  (Hr/Wk):  50  Hrs /Wk/Mach i ne 

Maintenance  5  Hrs/Wk/Machine 

Welding  Experience  (Power,  Welding  Speed,  Weld  Thk . )  with: 

.  Carbon  Steel  Structural  Grade  Various 

HSLA  Steel  Grade  A710:  Titanium  Alloys 

Grade  E633:  Copper,  Aluminum 

Stainless  Steel 

HY  80,  HY  100: 

Aluminum,  Titanium  Alloys: 

Number  of  Trained  Operators:  (3) 

Level  of  Training:  High  to  moderate 
Availability  of  Operators:  On  Request 
Experience:  N/A 

Safety  Precautions;  Electrical,  radiation  safety 


ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 

1.  Applicators  Name:  McCay  Tool  &  Engr.  Co. 

2.  Address:  1449  West  Lark,  Fenton,  Mo. 

3.  Telephone:  (314)  677-3440 

4.  Description  of  Electron  Beam  Welding  Equipment: 

.  EB  Manufacturer/Output  Rating  (KW):  15  KW  Sciaky  Gun 

.  Optional  Subsystems  (Computer,  Printer,  etc.):  Manual 
Chamber  Size: 

.  High,  Partial,  or  Non-Vacuum  System:  High  Vacuum 

5.  Critical  Components:  Filament  every  8  hrs.,  cathode  annually 

6.  Operating  Cost  ($/Hr):  $50/Hr.  (includes  labor) 

7.  System  Reliability:  Good 

.  Uptime  (Hr/Wk):  85%  -  2  Hrs/Wk  maintenance 

£.  Welding  Experience  (Power,  Welding  Speed,  Weld  Thk.)  with: 

,  Carbon  Steel  Structural  Grade 
HS LA  Steel  Grade  A710: 

Grade  E633:  Only  on  Aluminum  Alloys 

.  HY  80,  HY  100: 

Aluminum,  Titanium  Alloys: 

9.  Number  of  Trained  Operators:  1  Operator 

Level  of  Training:  High 

.  Availability  of  Operators:  N/A 

.  Experience: 

10.  Safety  Precautions:  Electrical,  radiation  safety 
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ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 


Applicators  Name:  TK  International 

Address:  P.O.  Box  45587 

Telephone:  (918)  628-0111 

Description  of  Electron  Beam  Welding  Equipment: 

EB  Manufacturer/Output  Rating  (KW):  30KW  (60  KV ,  500  ma) 

Optional  Subsystems  (Computer,  Printer,  etc.):  Manual  Operations 
.  Chamber  Size:  2  chambers  (62"  x  55  x  55) 

.  High,  Partial,  or  Non-Vacuum  System:  High  Vacuum 
Critical  Components:  Filament,  cathode  regularly 

Operating  Cost  ($/Hr):  Quote  basis  only 
System  Reliability:  Good 

.  Uptime  (Hr/Wk):  95*,  (2-3  hrs/week  maintenance) 

Welding  Experience  (Power,  Welding  Speed,  Weld  Thk , )  with: 

.  Carbon  Steel  Structural  Grade 
HSLA  Steel  Grade  A710: 

Grade  E633:  Carbon,  stainless  steel 

HY  80,  HY  100: 

Aluminum,  Titanium  Alloys: 

Number  of  Trained  Operators:  5  Operators 
Level  of  Training:  High  to  Moderate 

.  Availability  of  Operators:  N/A 

.  Experience: 


Safety  Precautions: 


Electrical,  radiation  safety 


ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 

1.  Applicators  Name:  Aireseach  Mfg.  Co. 

2.  Address:  9851  Sepulveda  Blvd. 

Los  Angeles,  Ca. 

3.  Telephone:  (213)  512-5590 

4.  Description  of  Electron  Beam  Welding  Equipment: 

.  EB  Manuf acturer/Output  Rating  ( KW ) :  Sciaky  60  KV  and 

30  KV  gun 

.  Optional  Subsystems  (Computer,  Printer,  etc.):  Computer, 
.  Chamber  Size:  50"  x  30"  x  42"  and  68"  x  68"  x  78" 

.  High,  Partial,  or  Non-Vacuum  System: 

5.  Critical  Components:  Filament  every  4  hrs ,  anode  and 

cathode  annually 

6.  Operating  Cost  ($/Hr):  $49/hr. 

7.  System  Reliability:  Good 

.  Uptime  (Hr/Wk):  95*,  2-3  hrs/week  maintenance 

8.  Welding  Experience  (Power,  Welding  Speed,  Weld  Thk . )  with: 

Carbon  Steel  Structural  Grade 

HS LA  Steel  Grade  A710: 

Grade  E633:  Titanium  and 

Aluminum  Alloys 

HY  dO,  HY  100: 

Aluminum,  Titanium  Alloys: 

9.  Number  of  Trained  Operators:  6  Operators 

Lev  2  I  of  Training:  High  to  Moderate 

Availability  of  Operators:  N/A 

Experience: 


printer 


s 


Safety  Precautions: 


Electrical,  radiation  safety 


ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 


Applicators  Name:  Kaiser  Aerospace 

Address:  Irvine,  California 

Telephone:  (213)  512-5590 

Description  of  Electron  Beam  Welding  Equipment: 

.  EB  Manuf ac t ur er /Out  put  Hating  (KW):  Sciaky  30  KW  gun 

.  Optional  Subsystems  (Computer,  Printer,  etc.): 

Computer  and  printer 

.  Chamber  Size:  10  ft.  x  4  ft.  x  10  ft. 

High,  Partial,  or  Non-Vacuum  System:  High  vacuum 

Critical  Components:  N/A 

Operating  Cost  ($/Hr):  N/A 

System  Reliability: 

.  Uptime  (Hr/Wk):  88  -  90  Hrs/wk. 

15  hrs.  mai n t enance/wk 

Welding  Experience  (Power,  Welding  Speed,  Weld  Thk . )  with: 

.  Carbon  Steel  Structural  Grade 
HS LA  Steel  Grade  A710: 

Grade  E633:  Some  types  of  alloys 

HY  80,  HY  100: 

.  Aluminum,  Titanium  Alloys: 

Number  of  Trained  Operators:  N/A 

Level  of  Training:  N/A 

Availability  of  Operators:  N/A 

Exper i ence : 

Safety  Precautions:  Electrical,  radiation  safety 


ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 


Applicators  Name:  EB  Associates 

Address:  166  North  12Lst  Street 

Wauwautosa,  Wise. 

Telephone : 

Description  of  Electron  Beam  Welding  Equipment: 

EB  Manufacturer/Output  Rating  (KW):  Sciaky  30  KW  gun 

Optional  Subsystems  (Computer,  Printer,  etc.): 

N/A  (manual  systems) 

.  Chamber  Size:  30  in.  x  50  in.  x  42  in. 

.  High,  Partial,  or  Non-Vacuum  System:  High  vacuum 

Critical  Components:  Filament,  anode,  electrical  components 

pump  seals 

Operating  Cost  ($/Hr):  $100/hr  (includes  labor) 

Equipment  cost  $450,000 

System  Reliability:  Good 

.  Uptime  (Hr/Wk):  40  hrs/week 

maintenance  3-4  hrs/week 

Welding  Experience  (Power,  Welding  Speed,  Weld  Thk.)  with: 
Carbon  Steel  Structural  Grade 

KSI.A  S  eel  Grade  \7'0:  Job  shop  materials,  li 

Grade  E633:  carbon  steels,  some 

stainless 

HY  80,  HY  100: 

.  Aluminum,  Titanium  Alloys: 

Number  of  Trained  Operators:  (3) 

Love  I  of  Training:  High  to  moderate  experienced  operators 

Availability  of  Operators:  N/A 

Experii*  nee: 

Safety  Precautions:  Electrical,  radiation  safety 
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ELECTRON  BEAM  APPLICATORS  QUESTIONNAIRE 

Applicators  Name:  Globe  Engineering  Co. 

Address:  1539  S.  St.  Paul  Ave. 

Wichita,  Kansas 

Telephone : 

Description  of  Electron  Beam  Welding  Equipment: 

.  EB  Manuf ac t urer/Ou t pu t  Rating  (KW):  Sciaky  30  KW  gun 

.  Optional  Subsystems  (Computer,  Printer,  etc.): 

N/A  (manual  systems) 

.  Chamber  Size:  96  in.  x  50  in.  x  42  in. 

.  High,  Partial,  or  Non-Vacuum  System:  High  vacuum  operation 

Critical  Components:  Filament,  anode,  electrical  components 

pump  seals 

Operating  Cost  ($/Hr):  $90/hr  (approximate  cost  including  labor) 

Equipment  cost  $450,000 

System  Reliability:  Good 

Uptime  (Hr/Wk):  30  hrs/week 

2  hrs.  maintenance  1  week 

Welding  Experience  (Power,  Welding  Speed,  Weld  Thk . )  with: 

.  Carbon  Steel  Structural  Grade 

HSLA  Steel  Grade  A 7 1 0 :  Welding  mainly  performed 

on  stainless  steels  and 
Grade  E633:  some  carbon  steels 

HY  80,  HY  100: 

.  Aluminum,  Titanium  Alloys: 

Number  of  Trained  Operators:  (4) 

Level  of  Training:  N/A 

.  Availability  of  Operators:  For  all  shifts 

Experience:  High  to  moderate  experience 


Safety  Precautions: 


Electrical,  radiation  safety 


METALLURGY  AND  MECHANICAL  PROPERTIES  OF _BB  WELDED  STEELS  COMMONLY 

USED  IN  THE  SHIPBUILDING  INDUSTRY 

Since  there  are  several  different  types  and  grades  of  materials 
used  in  the  s  h  i  pb  u  i  1  <1 1  ng  industry,  this  report  has  narrowed  the 
area  of  interest  to  the  metallurgical  and  mechanical  properties 
of  the  following  EB  welds  for  these  steels: 

1)  Low  strength  structural  steels  (60  70  ksi  range) 

2)  High  strength  low  alloy  steels  (A710  Grade  A  Class  3) 

3)  Hy  80-130  steels 

EB  welds  are  normally  characterized  as  having  a  narrow  parallel 
sided  fusion  zone  with  a  narrow  HAZ.  This  in  general  produces  a 
weld  geometry  quite  different  from  that  obtained  by  conventional 
arc  welding  processes.  The  EB  weld  usually  has  low  distortion 
due  to  the  relatively  low  heat  input  compnred  to  other  arc  welds. 

Since  EB  welds  are  principally  of  an  autogenous  weld  nature  (ie., 
no  filler  metal),  the  weld  metal  microst  ruclure  and  mechanical 
properties  are  mainly  determined  by  the  composition  of  the  parent 
plate  and  the  particular  welding  pat ameters  chosen.  The  welding 
parameters  are  usually  chosen  to  produce  a  particular  weld  bead 

shape  (rounded  top  and  bottom  bead  with  no  undercut  )  and  to  avoid 

weld  defects  such  as  porosity  and  cracks.  The  choice  of  welding 
conditions  such  as  the  welding  speed  and  the  weld  width  can 

substantially  effect  the  solidification  structure  and  the 

resultant  mechanical  properties  of  the  resultant  weld.13 

From  several  investigations  made  by  Russel  et  al16  it  has  been 
shown  that  acceptable  toughness  valves  can  be  obtained  in  EB 
welds  although  it  is  sometimes  necessary  to  use  preheat  or 
postweld  heat  treatment.  This  is  especially  true  if  the  carbon 
content  of  the  material  is  relatively  high  (>0.24%).  Heat  input 
and  cooling  rates  are  also  important  factors  in  determining  the 
weld  toughness  and  has  been  discussed  by  several  different 
authors.14  16  Due  to  the  fast  cooling  rate,  EB  weld  metal  has  n 
tendency  to  exhibit  lower  impact  strength  levels  than  the  HAZ. 
It  has  also  been  shown  that  welds  with  a  relatively  high  width  to 
depth  ratio  have  a  tendency  for  cracking  especially  if  faster 
t  ravel  speeds  than  normal  are  used  during  welding. 

LOW  STRENGTH  STRUCTURAL  STEELS  (60  70  KSJ  Yl  ELI)  STRENGTH) 

One-  of  the:  more  commonly  used  nl  rui  hind  c  ar  bon  si  cels  used  in 
the  shipyard  is  PH36.  For  this  report,  the  investigator  was 
unable  to  locate-  any  EB  welded  mechanical  property  data  for 
either  DH36  or  its  ASTM  equivalent  A 36.  This  was  also  true  for 
other  shipyard  types  of  carbon  steel  such  as  A57f>  (M1020). 


Consideration  should  be  made  for  future  development  of  EB  welded 
A36  material  since  metallurgical  properties  would  vary  for 
different  materials  and  welding  parameters  utilized. 

EB  weld  tests  have  been  conducted  by  CBI  on  a  comparable 
structural  grade  of  carbon  steel.  The  material  used  in  this  test 
was  33/8  inch  thick  SA516  Grade  70,  Lukens  fine  line  rolled 
plate,  normalized  at  IK25/I8750 F  and  air  cooled.  Initial 
parameter  development  welds  were  bead  on  plate  in  the  horizontal 
position.  The  final  horizontal  parameters  were  run  on  a  32  inch 
long  machined  square  butt  joint  with  gaps  varying  from  0.001  to 
0.008  inch  and  mismatch  varying  *0.070".  The  welding  parameters 
used  on  the  plate  were  as  follows: 

Full  Penetration 


Accelerating  Voltage  (KV)  85 
Beam  Current  ( ma )  350 
Travel  Speed  (IPM)  4.5 
Beam  Focus  ( Amps- programmed )  4.08 
Gun  to  Work  (Inches)  22 
Gun  to  Focal  Point  (Inches)  24  1/8 
Oscillation  Amplitude  Horizontal 

Ellipse  (Inches)  .085  x  .052 
Oscillation  Frequency  (Hertz)  100 
Chamber  Pressure  (Microns)  3  10 


These  parameters  produced  a  weld  with  a  slightly  convex  bead  with 
a  narrow  tapered  me  It  zone  with  adequate  reinforcement  on  both  the 
entrance  and  exit  sides  of  the  beam.  The  entrance  surface  had 
very  little  undercut  and  required  no  cosmetic  pass. 


TESTING  AND  RESULTS 

Testing  was  pe  i  ('  n  r  med  on  specimens  in  the  following  manner. 

1 )  Chemical  Analysis 

A  <  h em i i  u I  analysis  was  obtained  on  both  the  plate  material 
and  the  weld  metal.  The  results  are  shown  in  Table  3 . 

2  >  Tens  i  I e  Tests 

mill  i  -i  )  ii'ilui  i'il  sei  1  mil  tensile  specimens  wi  re  tested.  In 
the  as  welded  condition,  the  average  ultimate  tensile 
s  t  r  eng  t  h  was  8  4..')  KS  I  ,  with  30%  elongation.  The  failure 
Iiii  nt  inn  o  t  all  the  specimens  was  in  the  plate. 


rui  M  <’n  i  ).  |  i; 


o . :  J  o..’i  n.dh  i.im  n.:i  o.l/  o.im)  o.2<>2  0.(107 


uvu  o._u  0.21  o. os  o.4*>  o.:m  o.w  o.ooj  0.241  0.00/ 


Co  I  A 1  O  N 


I'l.u.-  n.nos  |  o.o:o  0.029  o.oo.’o  0.01)8 


0.7m)  S  0.0:0  0.027)  O.oo."*  0.01  10 


TABLE  3  CHEMICAL.  ANALYSIS  OF  A516  70  PLATE  EB  WELD  METAL 


3)  Side  Bends  Tests 

Six  (6)  guided  bend  specimens  each  were  tested  in  the 
as  welded  and  all  were  acceptable. 

4)  Charpy  V-Notch  Impacts  Tests 

Charpy  V-notch  specimens  were  taken  transverse  to  the  rolling 
direction  in  the  weld  metal,  heat  affected  zone,  and  plate  at 
side  one,  1/4  in.  thickness,  1/2  in.  thickness,  3/4  in. 
thickness  and  side  2.  The  test  temperatures  for  the 
as  welded  specimens  were  OF,  i20F,  iBOF  and  U20F.  This  data 
is  shown  in  tabular  form  in  Table  4  and  graphic  form  in 
Figure  5  3. 


5  )  Hardness  Tests 

A  traverse  Rockwell  ”  B  "  and  "C"  hardness  survey  of  cross 
section  samples  were  performed.  The  results  are  shown 
graphically  in  Figure  52.  The  results  are  converted  to 
Vickers  Hardness  Numbers  for  the  graph. 

6)  Metal lographic  Kxaminat  ion 


Photomicrographs  (X100)  of  the  base  plate,  heat  affected 
zone,  and  weld  metal  are  shown  in  Figures  57.  A 
photomucrograh  of  the  welded  seam  is  also  shown  in  Figure  57. 

The  microstructure  of  the  A516  Gr.  70  base  metal  appeared  to 
be  a  pear  I  i  lx*  and  ferrite  structure.  The  HAZ  appeared  to  be 
a  banitic  and  martensitic  structure.  The  weld  metal 
microst ructure  wus  mainly  a  quenched  martensitic  structure. 

Summary 

The  test  results  for  EB  welds  of  A516  Grade  70  material 
exhibit  relatively  poor  toughness  qualities  in  the  as-welded 
condition.  This  is  thought  to  be  due  to  the  high  carbon 
content  (0.26%)  in  the  plate  material.  If  A516  Grade  70 
material  were  to  be  considered  for  application  of  EB  welding 
in  industry,  the  chemical  composition  would  need  to  be 
modified  (for  example,  lower  the  carbon  content)  to  improve 
the  toughness. 

The  toughness  qualities  of  EB  welded  A516  Grade  70  material 
were  also  confirmed  in  the  tests  conducted  by  Arata  et  a  1 , 1 7 
They  concluded  that  the  toughness  of  steels  with  high  carbon 
content  (C  0.24%)  is  poor  due  to  the  formation  of  high 
carbon  martensitic  islands  in  the  weld. 

The  wide  scatter  of  the  Charpy-V-Notch  values  for  the  A516 
Gr.  70  weld  metal  in  Figures  53  through  56  could  be 
attributed  to  varying  amounts  of  manganese  (Mn)  through  the 
weld  metal.  Arata  et  alzo  have  shown  that  due  to  the  high 
vapor  prossures  of  Mn  there  can  be  as  much  as  a  20%  loss  of 
Mn  on  the  surface  sides  oft  he  KB  we?  Id  metal. 
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FIGURE  54  CHARPY  V-NOTCH  IMPACT  RESULTS  FOR  ELECTRON 


BEAM  WELDED  A516-70  MATERIAL  -  AS-WELDED 
(TEST  TEMP.  +  20°F ) 
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FIGURE  55  CHARPY  V-NOTCH  IMPACT  RESULTS  FOR  ELECTRON 
BEAM  WELDED  A516-70  MATERIAL  -  AS-WELDED 
(TEST  TEMP.  +60°F) 


C  V  N  Energy  ( Ft-Lbs) 


HIGH  STRENGTH  LOW  ALLOY  STEEL  (HSLA ) 


The  E B  weld  toughness  date  available  on  HSLA  ( microalloyed) 
materials  is  very  minimal.  Evaluation  tests  have  been  conducted 
by  Goldak  and  BibbylH  on  the  EB  welded  pro per  ties  of  Nb 
microalloyed  HSLA  steels  with  favorable  results. 

In  the  study  for  this  report,  two  (2)  plates  of  HSLA  material 
<  A 7 10  Grade  A)  wer  e  donated  to  OBI  by  Ingalls  Shipyard, 
Pascagoula,  Mississippi  for  EB  welding  and  mechanical  properties 
evaluation.  The  two  (2)  plates  were  3/4  inch  and  1/4  inch  thick 
with  the  following  plate  chemistries  in  Table  5. 


Plat  e 

C 

Mn 

P 

s 

S  l 

Cu 

Ni 

Cr 

3/4  in. 
1/4  in. 

.  055 
.  061 

0.53 

0.53 

.  003 
.  004 

.  008 
.0  10 

0 . 27 
0.28 

1.12 

1  .  06 

0 . 87 

0 . 90 

0 . 80 
0 . 82 

Mo 

Nb 

V 

A  1 

0.19 

0.18 

0 . 0  34 

0 . 040 

0.01 

0  .  0  l 

0 . 2  3 

0 . 22 

TABLE  r> 

The  welds  were  made  on  machined  square  butt  joints  with  a  joint 
gap  around  0.010  inch.  The  plates  were  welded  in  the  horizontal 
position  with  the  following  parameters. 

3/4  Jnch  A7 10  Grade  A  Plate  (EB  1  270) 


Accelerating  Voltage  (KV)  75 
Beam  Current  (ms)  100 
Travel  Speed  (IPM)  8 
Beam  Focus  ( amps  -  programmed )  4.4  1 
Gun  to  Work  Distance  (inches)  24.5 
Oscillation  Frequency  (Hz)  400 
Chamber  Pressure  (microns)  29 


1/4  Inch  A7I0  Grade  A  Plate  (KB  1269) 


A  e  c  e  1  e  r  a  t  i  n  g  V  o  1  t.  a  g  e  (  K  V  '  7  5 

Beam  Current  (oh)  4 b 

travel  Speed  ( IPM!  20 

Beam  Focus  { amps  progi  ammed  )  4  .  45 

Gun  to  Work  Distanie  (mchns)  24.5 

Os  i  i  1  I  a  t  i  on  F r  e <) u en  i-  y  (  H z  )  9  0  0 

Chamber  Pressure  ( mierons  )  2  10 
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MECHANICAL  TESTING 


Tens i I es 

Four  (4)  tensile  spec  i  mens  were  tested;  two  for  each  thick 
ness  of  p  I  ii  t  e .  The  3/4  inch  plate  had  an  average  ultimate 
tensile*  strength  of  I04.f>  KSI  and  an  average  elongation  of 
16%.  The  1/4  inch  plate  had  average  values  of  99.5  KSI  and 
23%  elongution.  The  failure  of  one  of  the  3/4  inch  tensile 
specimens  was  in  the  weld  metal.  The  other  specimens  failed 
in  the  plate.  Examination  of  the  specimen  that  failed  in  the 
weld  metal  indicated  a  defect  of  non-fusion. 

Side  Bends 

Three  (3)  side  bends  were  tested  for  the  3/4  inch  plate  and 
all  were  acceptable.  A  root  and  face  bend  were  tested  on  the 
1/4  inch  plate  with  satisfactory  results  in  Tables  6  and  7. 

Charpy  V -  Notch  Impacts 

Charpy  V  notch  specimens  were  taken  transverse  to  the  rolling 
direct  ion  in  the  we  1  <1  metal,  HAZ  ,  and  plate.  The  specimens 
were  taken  at  1/2  the  plate  thickness  with  the  following 
resu 1 t  s . 


3/4  Inch  A7 1 0  Grade  A  Plate 


Notch 

Test  Temp. 

Impact  Value* 

Location 

(°F) 

(ft 

-lbs) 

WM 

32 

45, 

62, 

180 

WM 

0 

64, 

38, 

57 

WM 

-  120 

11, 

9,  10 

HAZ 

32 

83, 

82  , 

80 

HAZ 

0 

83, 

78, 

75 

HAZ 

-  120 

24, 

21, 

15 

PI. 

32 

73, 

63, 

66 

PL 

> 

48, 

38, 

43 

PL 

120 

18, 

24, 

21 

*  denotes 

full  size  specimens 

TABLE  6 


1/4  Inch  A7 10  Crude  A  I'IhIc 


Notch 

Locat ion 

Test  Temp. 

(°  F) 

Impact  Valued 
(  ft-  lbs) 

WM 

32 

61,  41,  10 

WM 

0 

10,  41,  55 

WM 

-120 

6,  7,  6 

HAZ 

32 

28,  31,  30 

HAZ 

0 

33,  31,  33 

HAZ 

120 

24,  15,  14 

♦♦denotes  1/2  size  specimens 

TABLK  7 


Hardness 

A  traverse  Vickers  Hardness  Number  survey  was  performed.  The 
results  are  shown  graphically  in  Figure  3B.  The 
microhardness  of  the  A710  base  plate  was  approximately  240 
VHN  for  the  3/4  inch  plate  and  225  VHN  for  the  1/4  inch  A710 
base  plate.  The  fusion  zone  hardness  was  about  235  VHN  for 
the  3/4  inch  and  the  1/4  inch  A710  plate. 

Metal lographic  Examination 

Photomicrographs  of  the  3/4  inch  base  plate  (200X),  HAZ 
(200X),  and  weld  metal  (200X)  are  shown  in  Figure  4B. 
Photomicrographs  of  the  1/4  inch  base  plate  (200X),  HAZ 
(200X)  and  weld  metal  (200X)  are  shown  in  Figure  5B. 

The  microstructure  of  the  A710  Grade  A  Class  3  base  metal 
appeared  to  be  a  fine  blocky  ferrite  with  some  small  carbide 
aggregate  regions  located  along  the  grain  boundaries.  The 
HAZ  area  was  Bimilar  to  the  base  plate  microstructure  except 
the  blocky  ferrite  was  more  refined  and  the  blocky  ferrite 
was  larger.  The  fusion  zone  was  a  mixture  of  acicular 
ferrite,  and  grain  boundary  ferrite. 


SUMMARY 


A  710  Grade  A  material  is  a  low  carbon  (0.07  C  max.)  ferritic 
steel  which  achieves  its  high  strength  and  toughness  through 
microal loy ing  with  columbium  to  refine  the  grain  size.  Small 
amounts  of  copper,  nickel,  chromium  and  molybdenum  contribute  to 
strengthen  and  toughen  by  precipitation  hardening. 

The  results  of  the  mechanical  testing  and  the  microstructure 
observations  indicate  that  A7L0  Grade  A  Class  3  material  can  be 
successfully  electron  beam  welded  with  mechanical  properties  that 
are  comparable  to  conventionally  welded  A710  or  HY80 .  The  CVN 
results  indicate  slightly  lower  impact  values  for  the  weld  metal 
as  compared  to  the  base  plate  properties.  The  HAZ  has  slightly 
higher  values  than  the  base  plate. 

The  hardness  results  indicate  that  A710  material,  in  the 
as  welded  condition,  does  not  exhibit  the  relatively  high  values 
in  the  heat  affect  zone  which  is  characteristic  of  other  EB 
welded  high  strength  materials  used  in  the  shipbuilding  industry, 
such  as  HY  80.  This  is  thought  to  be  due  in  part  to  the  very  low 
carbon  content  in  A710  material. 

CBI  had  insufficient  A710  plate  material  and  funds  to  perform  a 
complete  study  of  the  KB  welded  mechanical  properties  of  this 
material  at  various  temperatures.  It  is  recommend  that  future 
testing  of  this  material  be  considered  in  light  of  the 
encouraging  results  from  this  preliminary  study.  It  is  felt  that 
better  mechanical  properties  than  these  test  results  may  be 
possible  from  EB  welds  of  A710  material  if  various  heat  inputs 
and  travel  speeds  are  tested  to  obtain  the  optimum  range  of  the 
weld  metal  cooling  rate. 


APPROXIMATE  VICKERS  TRAVERSE  HARDNESS  VALUES  FOR  ELECTRON  BEAM  WELDED  A710  GR 
MATERIAL  -  AS-WELDED 


Base  Metal  (200X) 
(Nital  etch) 


HAZ  ( 200X) 
(Nital  etch) 


Weld  Metal  (200X)  X-Section 

(Nital  etch)  (Nital  etch) 


FIGURE  59  MACRO  AND  MICROGRAPHS  OF  3/4"  -  A710  GRADE  A 
MATERIAL  -  AS-WELDED 


Base  Metal  (200X) 
(Nital  etch) 


FIGURE 


Weld  Metal  (200X) 

(Nital  etch) 

60  MACRO  AND  MICROGRAPHS  OF  1/4 
MATERIAL  -  AS-WELDED 


HY80  -  130  HIGH  STRENGTH  CARBON  STEELS 
HY  -J  O 

Various  development  programs  have  evaluated  the  EB  weldability 
and  mechanical  properties  of  HY  80  material,  since  it  is  used  in 
the  fabrication  of  steel  tees  for  ships  and  submarines.  Two 

reports  by  the  David  W.  Taylor  Naval  Ship  Research  and 

Development  Center  (DTNSRDC)  SME-82/66  and  SMK-81/47,  indicated 
that  HY  80  EB  welds  had  excellent  tensile  and  dynamic  fracture 
resistance  properties.19'20  The  impact  properties  were  satis 
factory  if  adequate  post  weld  heat  treating  techniques  were  used. 
Occasional  low  toughness  values  did  occur  in  the  centerline  of 
the  weld,  but  this  was  associated  with  the  intermittently 
occurring  growth  of  long  parallel  martensitic  laths  at  the  weld 
centerline. 

Previous  work  by  Grumman  Aerospace  Corporation  indicated  that  HY 
80  has  a  propensity  for  solidification  cracking  when  EB  weld 
speeds  are  greater  than  7  1PM  for  1  inch  thick  material. 

The  EB  weld  parameters  and  the  mechanical  test  results  for  the 
DTNSRDC  report  SME  82/66  can  be  summarized  accordingly. 


ELECTRON  BEAM  WELDING  PARAMETERS  FOR 
ONE-INCH  THICK  HY  80  STEEL 

Joint  design  Square  butt  joint  with  no  joint  gap 

Welding  position  Horizontal 

Preheat  None  (ambient  temperature,  70°Fj 

Beam  voltage  36  kV 

Beam  current  250  m A 

Welding  speed  5  I  PM 

Linear  heat  input  108  KJ/in. 

Beam  oscillation  frequency  50  Hz 

Beam  oscillation  amplitude  3/64  in. 


Absolute  beam  frequency 


857  Hz/in.  of  weld  length 


PARAMETERS  FOR  COSMETIC  SMOOTH  1  NG  PASS 


Specimen 

Beam 

Vo  1 1  age 
(kV) 

Beam 

Current 

( IB  A  ) 

Travel 
Speed 
(  IPM) 

Oscillation 
Amp  1  i  t.  ude 

(in.) 

Frequency 

(Hz) 

W823 

36 

75 

5 

3/64 

50 

W824 

25 

105 

5 

3/64 

50 

W825 

25 

105 

5 

3/64 

50 

W826 

25 

105 

5 

3/64 

50 

DTNSRDC  tested  the  four  (4)  plates  of  1  inch  thick  HY  80  material 
after  they  were  radiographed  and  post  weld  heat  treated  for  4 
hours  at  1 200°  F . 

The  Rockwell  Hardness  testing  of  the  specimens  gave;  an  average 
value  of  25  Rc  in  the  weld  metal  and  21  Rc  in  the  HAZ . 

The  base  plate  mechanical  properties  they  found  are  given  in  Table 

8. 


Toughness  Properties 

Tensile  Properties  CVN 


Longi  - 


0. 2* 

E  long . 

t  ud i na 1 

Transverse 

Y.  S. 

U. T. S . 

in  4D 

R.  A. 

120°  F 

-120°  F 

Spec  men 

( ks  i  ) 

( ks  i ) 

<*) 

(*) 

(ft-lbs) 

(ft-lbs) 

B1 

89.6 

104 . 4 

22 

65 

115.5/103.5/ 

94.5 

47.5/52.5/55.5 

B2 

91 . 7 

105 . 9 

24 

74 

TABLE  8  BASK  MECHANICAL  PROPERTIES  OF  HY  80  PLATE 


The  transverse  tensile  test  results  of  the  EB  welds  are  given  i 
Tab  1 e  9 . 


TRANSVERSE  TENSILE  PROPERTIES  FROM  ELECTRON  BEAM 
WELDED  HY-80  STEEL 


0.2*  Y.S. 

11  .  T . 

S  . 

E  l  o  n  g .  in 

R.  A 

S  pec i men 

(  ks  i  ) 

(  ks  i 

i  ) 

4D  (*) 

(*) 

T  1 

88.0 

1  04  . 

0 

20 

65 

T2 

87 . 0 

102  . 

,  0 

20 

68 

TABLE  9 


The  transverse  Charpy  V-Notch  values  of  the  weld  metal  and  HAZ 
are  summarized  in  Table  10. 


Transverse 
CVN  (ft-lbs) 

10.5/12/21/6.5/16 

90/39/38.5/22.5/51 

27 . 5/64 . 5/39/34/36.5 

48/56.5/54.5/62.5/60 

TABLE  10 

♦Location  1  Centerline  of  weld 

Location  2  Fusion  zone /HAZ  interface 

Location  3  Center  of  HAZ 


Specimen 

Cl  thru  C5 
C6  thru  CIO 
C  1  1  t  h  r  u  C  1  5 
(’ll)  t  hr  u  020 


Notch 
L  o  c  a  t  i  o  n  ♦ 

1 
1 

2 
3 


Temperature 

(®F) 

60 

0 

60 

60 


These  values  were  for  specimens  that  were  stress  relieved  for  4 
hours.  When  Charpy  V-Notch  specimens  from  an  EB  weld  were  heat 
treated  for  1  hour  ns  recommended  by  Grumman  Aerospace,  the 
result  showed  an  increased  toughness  performance.  The  CVN  values 
found  are  shown  in  Table  11. 


CHARI’ Y  V  NOTCH  TOUGHNESS  OF  ELECTRON  BEAM  WELDS 
WITH  A  ONE  HOUR  POST  WELD  HEAT  TREATMENT 

Transverse 

Notch  CVN  60° F 

Specimen  Location  (f't-lb) 

HT1-1  1  49.5 

HT1-2  1  36.0 

HT1-3  1  53.0 

HT1  4  1  44.0 


Location  1  -  Centerline  of  Weld 

TABLE  11 


DTNSRDC  performed  explosion  bulge  test  on  three  1  inch  thick  EB 
welded  HY-80  steel  plates  with  good  results.  All  of  the 
specimens  exhibited  excellent  dynamic  fracture  resistance.  The 
data  for  the  explosion  bulge  test  is  shown  in  Table  12. 

DTNSRDC  stated  that  the  narrow  range  of  fabrication  parameters 
found  to  be  acceptable  indicated  that  qualification  procedures 
based  on  specific  welding  and  heat  treating  equipment  would  be 
required  before  EB  welding  technology  could  be  implemented  for 
navel  ship  construction. 


W8  2  5* 

B 

1 

3.46 

2.55 

1.79 

1.76 

NVCT 

2 

8.20 

7.97 

2.76 

2.75 

NVCT 

3 

12.45 

12.40 

3.34 

3.39 

NVCT 

4 

18.  18 

18.11 

3.92 

4.02 

Five  small  shallow  cracks  in  weld 

metal  near  center  of  plate. 


W  8  2  6  *  *  B 

i 

3.76 

3.15 

1.80 

1.74 

NVCT 

2 

8.8  1 

7.97 

2.73 

2.70 

NVCT 

3 

13.47 

12.89 

3.37 

3.35 

NVCT 

4 

19.70 

14.20 

3.93 

4.00 

NVCT 

*  F<.  nide  of 

we  1  time  n  t 

on  tens 

ion  side 

Of 

plate. 

#  Fact'  i;itie  of 

we ldme n t 

on  tens 

ion  side 

of 

plate. 

TAHI/;  12  SUMMARY  OF  EXPLOSION  BULGE  TEST  RESULTS  FROM 
ONE  INCH  THICK  ELECTRON  BEAM  WELDED  HY-80 
STEEL  PLATES 

The  general  micros!  ructures  o  1'  the  EB  weld  metal  for  HY80  steel 
are  shown  in  Figure  61  through  Figure  65. 

DTNSRDC  stated  that  the  narrow  range  of  fabrication  parameters 
found  to  be  acceptable  indicated  that  qualification  procedures 
based  on  specific  welding  and  heat  treating  equipment  would  be 
required  before  F. B  welding  technology  could  be  implemented  for 
naval  ship  construction. 
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)  SPEC  I  MEN  S,  DENDRITE  ETCH  (cl)  SPECIMEN  C, ,  DENDRITE  ETCH 

(lonx)  (inox) 


IGURF.  6  3 


COMPARISON  OF  PLAN  SECTION  PHOTOMACROGRAPHS  FROM 
WEED  CENTERLINE  OF  HY-80  ELECTRON  BEAM  WELDMENTS 


HY- 100 


CB1  has  performed  electron  beam  qualification  tests  on  0.85  inch 
thick  HY-100  (Lukens)  material.  The  plate  was  water  quenched 
from  1650° F  and  tempered  at  1050° F  (minimum).  The  parameter 
development  welds  were  bead-on-plate  in  the  horizontal  position 
on  a  36  inch  long  machined  square  bui  t.  joint.  The  gaps  varied 
from  0.001  inch  to  0.020  in  no  mismatch.  The  welding  parameters 
used  were  as  follows: 


Full  Penetration 

Cosinet. 

Accelerating  Voltage  (KV) 

75 

70 

Beam  Current  (ma) 

115 

30 

Travel  Speed  ( I PM) 

8 

18 

Beam  focus  (Amps  programmed) 

4 . 38 

4 . 70 

Gun  to  Work  (Inches) 

22 

22 

Gun  to  Focal  Point  (Inches) 

24 

22 

Oscillation  Amplitude  (Inches  Dia) 

.  070 

.  070 

Oscillation  Frequency  (Hertz) 

400 

400 

Chamber  Pressure  (Microns) 

3  6 

3  6 

.V 


r. 


'm 


These  parameters  produced  a  weld  with  a  near  parallel  me  It  zone 
and  adequate  reinforcement  on  both  the  entrance  and  exit  sides  of 
the  beam.  Two  cosmetic  passes  were  run  over  the  entrance  surface 
to  reduce  some  slight  undercut. 


TESTING  AN1)  RESULTS  W 

Testing  was  performed  on  the  specimens  in  the  as -welded  condition 
only. 

I  )  (Them  i  ca  I  Ana  I  ys  i  s 

A  chemical  analysis  was  performed  on  the  plate  material 
only.  The  results  are  shown  in  Table  13. 


C 

Mn 

P 

s 

Cu 

S  i 

N  i 

Cr 

Mo 

V 

T  i 

1  7 

.  30 

.0  10 

.011 

.  15 

.  20 

2 . 65 

CC 

.44 

.00  3 

.  0  0  3 

TABU')  13  CHEMICAL  ANALYSIS  OF  HY  100  PLATE 


'  \ 
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2 )  Tens i 1 e  Test 


Two  reduced  section  tensi  le  specimens  were  tested  with  the 
average  ultimate  tensile  strength  of  122  KSI  with  no 
apparent  yield  and  26.5%  elongation.  The  location  of 
failure  of  both  specimens  was  in  the  plate. 

3)  Side  Bends 

Four  guided  bend  specimens  each  were  tested  and  all  were 
accept  able. 

4)  Charpy  V-Notch  Impacts 


The  Charpy  V-notch  specimens  were  taken  transverse  to  the 
rolling  direction  in  the  weld  metal,  fusion  line,  fusion 
line  plus  1mm  and  fusion  line  plus  3mm  at  side  one.  Six 
specimens  from  each  location  were  tested  at  a  test 
temperature  of  -120F.  This  data  is  shown  in  tabular  form 
in  Table  14  and  graphic  form  in  Figure  66. 


FIGURE  66  CHARPY  V  NOTCH  IMPACT  RESULTS  FOR  ELECTRON  BEAM 
WELDED  HY- 100  MATERIAL  -  AS-WELDED  (TEST  TEMP. 

-  120°  F) 

5)  Hardness 

A  traverse  Rockwell  "C"  hardness  survey  of  a  cross  section 
sample  was  performed.  The  results  are  shown  graphically  in 
F i g  u  r  e  67. 

6)  Me t a  1  l og r aph  i  c  Examination 

Photomicrographs  ( x I  00 )  of  the  base  metal,  heat  af I  acted 
zone  and  weld  metal  along  with  a  photomacrograph  of  the 
welded  seam  are  shown  in  Figure  68. 
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FIGURE  67  ROCKWELL  "C"  TRAVERSE  HARDNESS  VALUES  FOR 
ELECTRON  BEAM  WELDED  HY-100  MATERIAL  - 
AS-WELDED 
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FIGURE  68  MACRO  AND  MICROGRAPHS  OF  .85" 
HY- 100  MATERIAL  -  AS-WELDED 


7)  Summary 


HY-100  weldments  exhibit  good  tensile  properties  in  the 
as-welded  condition,  but  relatively  low  weld  metal  values 
(test  temperatures  of  -120°F).  The  high  as-welded  hardness 
in  both  the  fusion  zone  and  near  HA2  anticipated  relatively 
poor  impact  strength  for  the  HY  100  weld  in  the  as-welded 
condition.  The  me t a  1 1 og r aphy  of  these  structures  appear  to 
indicate  a  predominately  martensitic  zone.  Post  weld  heat 
treating  would  have  substantially  reduced  the  relatively 
high  local  residual  stresses  inherent  in  EB  welding  and 
would  have  tempered  the  weld  fusion  zone  and  HAZ . 


HY- 1 30  STEEL 

EB  welding  tests  were  conducted  by  Stoop  and  Metzbower22  on  1/4 
inch  and  1/2  inch  HY-130.  They  compared  the  EB  weldments  to 
comparable  weldments  made  with  the  laser,  SMA  and  GMA  weld 
processes.  The  welding  conditions  that  they  used  on  the  EB 
weldments  of  their  tests  are  shown: 


Welding  Conditions  of  1/4  Inch  Thick 
EB  Weldments  of  HY130  Steel 


Joint 
Pos i t i on 
Filler  Metal 
Amperage  ( Amps ) 

Vol tage  (Volts ) 
Passes 

Travel  Speed  (mm/s) 
En v i ronnent 
Preheat  Temperature 
Heat  Input  (KJ/mm) 


Square  Butt 

Flat 

None 

0.20  -  0.24 
40,000 
1 

21.2 

High  Vacuum 
°C  None 

0.38  -  0.51 


Welding  Conditions  for  1/2  Inch  Thick 
EB  Weldment  of  HY-130  Steel 


Joint 
Posit  ion 
Filler  Met  a  1 
Amperage  ( Amps ) 

Vol tage  (Volts) 
Passes 

Travel  Speed  (mm/s) 
En v i r onmen  t 
Preheat  Temperature 
Heat  Input  (KJ/mm) 


Square  Butt 

t  I  a  I 

None 

0.20  0.24 

40 , 000 
1 

21.2 

High  Vacuum 

°  C  None 

0.38  -  0.51 


The  weld  metal  and  base  metal  chemistries  of  the  plate  used  for 
these  weldments  are  shown  in  Table  15  and  16. 


C 

S 

P 

Mn 

Ni 

Cr 

Mo 

Si 

Plate 

0.  1  l 

0 . 005 

0 . 005 

0 . 80 

4 . 70 

0.60 

0.54 

0.21 

Weld 

0.11 

0. 85 

4 . 8 

0.62 

0 . 59 

0 . 26 

V 

Cu 

Ti 

Al 

0 . 07 

0.06 

0.004 

0.05 

0 . 07 

0 . 08 

0 . 004 

0 . 03 

TABLE  15 

BASK 

METAL  AND 

WELD 

METAL 

CHEMISTRIES  OF 

1/4 

INCH  THICK 

HY-130  PLATE 

C 

S 

P 

Mn 

Ni 

Cr 

Mo 

S  i 

Plate 

0 . 085 

0 . 007 

0.006 

0.74 

4 . 70 

0 . 52 

0.54 

0.2 

Weld 

0.079 

“• 

0.70 

4.75 

0.55 

0.52 

0.2 

V 

Cu 

Ti 

Al 

0 . 07 

0.  19 

0.003 

0.05 

0.07 

0.  18 

0.005 

0.05 

TABLE  16 

BASE 

METAL  AND 

WELD 

METAL 

CHEMISTRIES  OF 

1/2  INCH  THICK  HY-130  PLATE 


Hardness  traverses  were  made  in  the  mid-thickness  regions  of  the 
1/4  inch  and  1/2  inch  plates.  The  values  are  plotted  in  Figure 
69  and  70.  The  KB  welds  showed  higher  weld  metal  and  HAZ  values 
as  compared  to  the  SMA  and  GMA  processes.  The  EB  and  laser  welds 
were  comparable. 


FIGURE  69  EB  WEI.D  HARDNESS 
OF  1/4  INCH 
HY  130  PLATE 


J 


FIGURE  70  KB  WELD  HARDNESS 
OF  1/2  INCH 
HY  130  PI.  ATE 


The  tensile  data  of  the  weldments  of  the  1/4  inch  and  1/ 
thick  plate  is  shown  in  Table  17. 


I.ocat  i  on 

0 . 2*  YS 

UTS 

% 

(  KS  1  ) 

(KSI) 

Eiongat ion 

1/4 

I  n  . 

Base 

140.9 

147.1 

13.3 

Metal 

Weld 

Meta  1 

144.2 

147.8 

13.0 

1/2 

I  n  . 

Base 

133.4 

139.1 

20.5 

Metal 

Weld 

131.9 

137.2 

18.5 

TABLE  17 


Fr  ac  ♦  'i  re  energy  data  for  the  1/4  inch  and  1/2  inch  thick 
and  EB  welds  are  compiled  in  Tables  7  and  8. 


Location  Avg.  DT  Energy  Rp  (ft  lb) 

( ft  -  lb )  in.  5/2 

Base  391 . 0  427.1 

Me  t  a  1 

Weld  308.0  344.3 


TABLE  18  FRACTURE  RESISTANCE  DATA  OF  1/4  IN. 
THICK  H Y- 130  WELDMENTS 


Locat ion 


Avg.  DT  Energy 
(ft  lb  ) 


Rp  t  f  t -  1 b ) 
in.  5/2 


Base 

Metal 

Weld 


804 . 0 
filO  .  0 


899.0 

682.0 


TABLE  19  FRACTURE  RESISTANCE  DATA  OP  1/2  IN. 
THICK  HY  130  WELDMENTS 


The  microstructures  of  the  HY-130  weld  fusion  zone  and  the  HAZ 
were  analyzed  and  compared.  A  hardness  value  was  recorded  for 
that  area  for  correlation.  This  is  shown  in  Table  20  and  21. 


Weldment  Microstructure  Hardness,  Grain  Size  Location 

Rc 


Weld  Metal 


EB 

Martensite  +  some 

Ba  i  n  i  te 

43.0 

Medi urn- fine 

0 . 8mm  f  rom 
center  of  weld 

Heat 

Af f ected  Zone 

EB 

Martensite  +  some 

B  a  i  n  i  t  e 

40 . 5 

Med i um 

0.2 

EB 

Martensite  +  some 
Ferrite 

45.5 

Fine 

0.8 

TABLE  20  MICROSTRUCTURE,  HARDNESS  AND  GRAIN 
OF  1/4  INCH  THICK  WELDMENTS  OF  HY- 

SIZES 

130  STEEL 

Wei dment 

Mi crostructure 

Hardness  , 
Rc 

Grain  Size 

Distance  From 
Center  of  Weld, 
mm 

Weld  Metal 

EB 

Martensite  *■  Bainite 

37 . 5 

Medi um- fine 

0.4 

Heat  A  f  f  ec  t  ed 

Zone 

EB 

Martensite  +  some 
Bainite 

38.0 

Medi um 

0 . 2 

EB 

Martensite  -*  some 
Ferrite 

41.0 

Fine 

0.8 

TABLE  21  MICROSTRUCTURE,  HARDNESS  AND  GRAIN  SIZES  OF 
1/2  INCH  THICK  WELDMENTS  OF  HY-130  STEEL 


SUMMARY  OF  HY-130  RESULTS 


HY-130  EB  weldments  exhibited  good  tensile  strengths,  but 
relatively  low  fracture  toughness.  This  was  largely  due  to  the 
formation  of  cold  shuts  (incomplete  fusion)  at  the  weld  IIAZ 
interface. 

The  EB  weldments  demons t r a t ed  high  hardness  values  with  steep 
hardness  gradients  but  relatively  fine  grain  structures  in  the 
w  e  I  d  and  ft  A  Z  . 

High  cycle  fatigue  tests  were  performed  b  y  DTNSRDC  for  de  ve  i  opmen  t. 
project  SME81/359  on  KB  welded  HY  130  stiffened  panel  sections. 
The  EB  welded  assemblies  exhibited  high  cycle  fatigue  performance 
better  than  conventional  GMAW  or  SMAW  welds,  but  below  the  HY  130 
base  metal  test  results. 


SUMMARY  FOR  EB  WELDED  MATERIALS  FOR  THE  SHIPBUILDING  INDUSTRY 

In  general,  most  of  the  carbon  steels  used  in  the  shipyards  could 
probably  be  EB  welded.  The  resultant  mechanical  properties  of  the 
material  would  be  dependent  on  the  base  plate  composition  and  the 
welding  parameters  utilized  for  welding. 

As  shown  in  the  test  results  for  A5  1G  Gr.  70  and  the  HY  80-130  EB 
welded  materials,  the  relatively  li  i  gh  rurlmn  con  I  err  t  in  the  base 
plate  and  the  fast  cooling  rate  resulted  in  low  weld  metal  notch 
toughness  values  and  high  hardness  values  in  the  HA/..  Post  weld 
heat  treatment  would  be  beneficial  in  lowering  the  high  hardness 
values  and  improving  the  notch  toughness  properties. 

Consideration  should  be  made  for  the  development  of  a  special 
steel  for  EB  welding  in  structural  applications  that  would  provide 
good  mechanical  properties  in  the  as  welded  condition.  A  710 
Grade  A  material  shows  promise  for  KB  welding,  but  further 
development  work  would  be  recommended  before  test  results  could  be 
conclusive. 


Other  materials  used  in  the  shipbuilding  industry, 
titanium  and  aluminum,  lend  themselves  quite  readily  to 
beam  welding  due  to  the  inherent  characteristic  of  the 
normally  being  completed  in  a  controlled  environment  such 
vacuum  chamber.  Several  articles  have  been  written 
titanium  and  aluminum  EB  welding.  2  3  2  13 


such  as 
electron 
KB  weld 
as  in  a 
on  both 


ECONOMIC  COST  ANALYSIS 

The  following  is  a  cost  comparison  between  a  panel  assembly  (40 
ft.  x  40  ft.)  (HSLA  material)  welded  with  the  automatic  submerged 
arc  welding  process  from  two  sides  and  one  side  welding  and  a 
panel  assembly  welded  with  the  electron  beam  process  inside  a 
large  chamber.  The  welding  of  the  T  stiffeners  will  also  be 
included  in  the  cost  comparison. 

Typical  weld  details  with  welding  manhour  rates  were  taken  from 
the  Lincoln  Electric  Arc  Welding  Procedure  Handbook  12th  Edition. 
Other  task  manhours  were  estimated  from  shipyard  and  construction 
practices.  Sub-arc  weld  consumable  cost  were  based  on  using  LA100 
wire  and  880M  flux  or  equivalent. 

As  reflected  in  the  following  calculations,  a  1  inch  thick  panel 
assembly  (with  stiffeners),  EB  welded,  showed  about  a  31%  cost 
savings  and  a  1  1/2  inch  thick  EB  welded  panel  assembly  reflected 
a  43%  savings  over  the  2  sided  submerged  arc  welded  alternate. 
Capital  cost  of  EB  equipment  were  not  included  in  this  estimate. 

A  similar  comparison  of  cost  of  EB  welding  of  pipe  cannot  be  made 
from  published  information  available  for  preparation  of  this 
report.  Costs  for  conventional  arc  welding  are  available  in  the 
literature.  However,  applications  of  EB  welding  to  pipe  have  been 
made  by  private  companies  and  cost  information  resulting  from 
these  applications  has  not  been  made  available  to  the  public. 

SAW  (2  Side  Weld)  Thick  Plate 

TYPICAL  DETAIL 
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Multiply  by  1.53  to  obtain  operator 


♦Expressed  in  arc  time, 
efficiency  of  65%. 


7-1 


Per  Seam 
( manhours ) 


Factor 


Total 
As  semb  1  y 
(manhours ) 


1.  Burning  Plate  Edge  (w/grinding  1.5  x  4  =  6.0 

cleanup)  (12  IPM  burning  travel 

speed)  and  handling 

2.  Fit-up,  tacking,  power  brushing  1.0  x  3  =  3.0 

3.  Welding  mhs  (both  sides)  1.63  x  3  =  4.9 

026  mh/ft  x  40  ft  x  1.53 

4.  Semi  automatic  sewa  1.0  x  3  =  3.0 

arc  gouging,  grinding 

and  flipping  assembly 

5.  Visual  Inspection  0.50  x  3  =  1.5 

6.  NDE  (  LIT  or  HT  10*  total  weld  -  -  3.0 

footage) 

12  ft  x  0.25  mh/ft  -  3.0 

7.  Repairs  ( 10*  of  inspected  footage) 

1  . 2  f  t  x  1  . 0  m  h  1.2 


Labor  Cost  ($30/HR)  $678 

Consumables: 

Wire  0.74  lb  ft  x  120  ft  90  lbs  e  $1. 30/lb  =  $117.00 
Flux  0.86  lb  It  x  120  ft  -  103.2  lbs  @  $0.50/ lb  ^  $  51.60 


1  .  2 
2276 


TYPICAL  DETAIL 


Plate  Thickness  ( in.) 

1-1/2 

Pass 

1 

2 

3 

Electrode  Size 

3/16 

3/16 

3/16 

Current  (amp)  DCI  +  ) 

1000 

1000 

950 

Volts 

36 

36 

34 

Arc  Speed  ( m./min) 

9 

10 

7 

Electrode  Req'd  (Ib/ft) 

2.26 

FluxReqd  (Ib/ft) 

1  45  -  2  00 

Total  T ime  (hr/ft  of  weld) 

00708* 

Depth,  A  (in  1 

1/2 

Depth.  0  (in.) 

5/8 

Angle.  C  (degl 

70 

Angle.  D  (deg) 

90 

♦Expressed  in  arc  tine.  Multiply  by  1.53  to  obtain  operator 
efficiency  of  65*. 


1.  Burning  Plate  Edge  (w/grinding 
cleanup)  (10  IPM  burning  travel 
and  handling 

2.  Fit-up,  tacking,  power  brushing 

3.  Welding  mhs  (both  sides) 

0.0708  nh/ft  x  40  ft  x  1.53 


Per  Seam 

Factor 

Total 

( manhours ) 

Assemb 1 y 
(manhours ) 

1.8  x 

speed) 

4 

7.2 

1.1  x 

3 

3.3 

4.3  x 

3 

12.9 

4.  Seni-autoaat ic  1.1  x  3 

arc  gouging,  grinding  and  flipping 

5.  Visual  Inspection  0.50  x  3 

6.  NDE  (UT  or  RT  10*  total 
weld  footage) 

12  ft  x  0.25  mh/ f t  = 


3. 3 

1 . 5 
3.0 


3 . 0 


7.  Repairs  (10%  of  inspected 
f  oot  age ) 

1.2  ft  x  1.0  mh 

Labor  Cost  ($30  HR)  x  32.4  mh  =  $972 

Consumab les : 

Wire  2.26  lbs/ft  x  120  ft.  =  271.2  lbs  @  $1. 30/lb  =  $352.56 
Flux  2.0  lbs/ft  x  120  ft.  =  240  lbs  @  $0. 50/lb  =  $120.00 


Welding  of  Longitudinal  StiffenerB 
(Assume  12  in.  Web  Spaced  Every  4  ft.,  HSLA  Material) 


3/8  in.  fillet  required  each  side  - 

Welded  with  automatic  sub-arc  (Twin  head  single  electrode  per  side) 


Per  Stiffener 
( manhours ) 

Assembly 
(manhours ) 

1.  Layout,  fitting  and  tacking 
T-stiffener  on  panel  plate 
(Fit-up  with  hydraulic  hold 

each  . 65  x  9  = 

down  equipment) 

5.85 

2.  Welding  Fillets 

0.035  mh/ft.  x  40  ft. 

1.4x9 

12.6 

3.  Visual  Inspect  ion 

.  25  x  9 

2.25 

4.  Repairs  and  Pickups 

.  25  x  9 

2.25 

22.95 

Labor  Cost  =  22.95  mh  x  $30  mh 

=  $688.50 

Consumab 1 es : 

Wire  =  40  ft.  x  9  stiff,  x  2  sides  x  .35  lb/ft.  -  252  lbs. 
Cost  =  252  lbs  x  $1.30  lb  =  $327.60 

Flux  -  40  ft.  x  9  stiff,  x  2  sides  x  .40  lb/ft.  -  288  lbs. 
Cost  ^  288  lbs  x  $0.50  lb  -  $144.00 


1.2 

32.4 


T.’Wvi'in  n,; 


SAW  (One  Side  Welding)  1”  Thick  Plate 
( HSLA  Material ) 

TYPICAL  DETAIL 


^—60° - - 

V  7rL" 


rr~\r 

i  f  GaH  ~ 

\\ 

j 

Copper - j 

—3/4"— 4 

■0.10" 

Plate  Thickness  (in.) 

1 

Pass 

1  -  2 

Electrode  Sue:  Lead  (No  1) 

3/16 

Trail  (No,  2) 

3/16 

Current  (amp):  Lead  (No.  1) 

DCI  +  ) 

1000 

Trail  (No  2|  AC 

800 

Volts:  Lead  (No.  1)  1 

34 

Trail  INO.  2) 

41 

Arc  Speed  (in. /mm) 

17 

Electrode  Rap'd  lib/ ft) 

1.48 

Flux  Rea  d  (lb/ft) 

1 .25  -  1  65 

Total  Time  (hr/ft  of  weld) 

0.0236*  ' 

Gao  (in.) 

3/16 

Root  face  ( m  f 

1/2 

Spacing.  S  (in.) 

7/8 

Electrode  angte  a  (deg.) 

12 

♦Expressed  in  arc  time.  Multiply  by  1.53  to  obtain  operator 
efficiency  of  65*. 


Per  Seats  Factor 
(manhours ) 


Assembly 
( manhours ) 


1.  Burn  40  ft.  plate  edges 
(w/grinding  cleanup) 

(12  IPM  burning  travel  speed) 

(dual  burning  heads) 

2.  Positioning  plate  in  hold 
down  bed  (fit-up  performed 
simultaneously  by  hydraulic  ram) 

3.  One  aide  welding  (pass  1-2) 

0.0236  mh/ft.  x  40  ft  x  1.53  -  1.44 

4.  Visual  Inspection 

5.  NDE  (UT  or  RT  10*  total  weld 
footage)  12  ft.  x  0.25  mh/ft.  =  3.0mh 


.  40  x 

1.44  x 

.25  x 


4 . 32 

0.75 

3.0 


6.  Repairs  (10%  of  inspected 
footage)  1.2  ft.  x  1.0  mh 
TOTAL  MHS 


1 . 2 


1.20 


Labor  Cost  =  16.47  mh  x  $30  HR  -  $494.10 
Consumab 1 es : 


Wire  =  1.48  lb/ft.  x  40  ft,  x  3  seams  =  177.6  lbs. 
Flux  =  1.65  lb/ft.  x  40  ft.  x  3  seams  =  198.0  lbs. 


Cost  of  wire  =  177.6  lbs  x  $1.30 
Cost  of  flux  =  198.0  lbs  x  $0.50 


$230.88 
$  99.00 


EB  Weld  (In  Chamber) 
1  in.  Thk.  Plate 


Typical  EB  Weld  Parameters 


Beam  Voltage 
Beam  Current 
Weld  Speed 
Linear  Heat 
Gun  to  Work 


-  75  KV 

-  125  ma 

8  in/min. 

-  70  KJ/in. 

D i s t ance  -  24  in. 


Per  Seam  Factor 
( manhours ) 

1)  Plate  handling  and  edge  machining  3  x  3 

(by  open  face  side  planer) 

(including  burning  edges  of  2  end  plates) 

2)  Fit-up,  tacking,  cleaning  1.25  x  3 

( solvent ) 

3)  Demagnetizing  operation  .35  x  4 

4)  Pumpdown,  set-up  gun  on  seam, 

(assume  real  time  tracking  capabilities) 

5)  Welding  operation  and  travel  time  of 

gun  to  seam  (H  1PM)  1.2  x  3 

6)  Visual  Inspection  by  (TV  monitor  0.50  x  3 

before  release  of  vacuum  in  chamber) 

7)  NDE 

( UT  10%  Total  Weld  Footage) 

12  ft.  x  0.25  -  3.0 


16.47 


Assemb 1 y 
( manhours ) 

=  9 

^  3.75 

=  1 . 40 

.  75 

=  3.6 

=  1 . 5 

=  3 . 0 


8)  Repairs  ( 10*  of  inspected  footage)  -  =  1.2 

1.2ft  x  1.0  mh/ft  =  1.2 

Total  2472  0 

Labor  Cost  24.20  m  h  a  x  $30  HR  =  $726.00 
No  wire  or  flux  cost  required. 


EB  Weld  (In  Chamber) 
1-1/2"  Thk .  Plate 


Typical  Weld  Parameters 

Ream  Voltage  -  80  KV 

Beam  Current  -  240  ma 

Weld  Speed  -  8  in/min. 

Linear  Heat  Input  -  144  KJ/In. 

Gun  to  Work  Distance  -  24  in. 

Cost  would  be  the  same  as  for  1  in.  thick  EB  welded  plate  except  edge 
prep  machining  would  require  an  extra  1.0  mh  per  seam  or  3.0  mh  for 
assembly.  Total  =  27.20  mh 

Labor  Cost  =  27.20  mhr  x  $30  HR  =  $816.00 

No  wire  or  flux  cost  required. 


EB  Weld  (In  Chamber) 
Longitudinal  Stiffeners 


Typical  weld  parameters  with  gun  angled  at  45°  to  the  horizontal  plane 
of  the  panel.  (Not  full  penetration) 

Beam  Voltage  96  KV 

Beam  Current  -  50  ma 

Weld  Speed  -  18  IPM 

Linear  Heat  Input  -  14.3  KJ/In. 

Gun  to  Work  Distance  -  24  in. 

Per  Stiffener  Factor  Assembly 
(manhours)  (manhours) 

1)  Fitting  and  tacking  each  .85  mh  x  9  -  7.65 

T-stiffener  (grinding  and  cleaning) 


2) 

Rolling  assembly  into  chamber 
and  pumpdown 

.  75 

3) 

Welding  fillets  (including  time  for 
moving  and  set-up  of  EB  gun) 

18  I  PM  x  40  ft.  -  .5  mh  x  2  sides 

1 . 0 

X 

9 

- 

9.0 

4) 

Visual  Inspection 

.  25 

X 

9 

= 

2.26 

5) 

Repairs  and  Pickup 

.  25 

X 

9 

- 

2.25 

21 . 9 


Labor  Cost  =  21.9  mh  x  $30  HR  -  $657.00 
No  wire  or  flux  required. 

Comparison  of  1.0  in.  thick  sub  arc  welded  panel  assembly  with 
T  stiffeners  versus  1.0  thick  KB  welded  panel  assembly  with  T-stiffeners 


1  In.  Thk.  Panel  Assembly  Comparison 


SAW,  PROCESS  (2  Side  Welding) 

1 )  Panel  -  $678  (Labor)  +  $168.60  (Consumables)  =  $846.60 

2)  T-Stiffeners  -  $688.50  (Labor)  +  $471.60  (Consumables)  =  $1160.10 

3)  Total  =  $2006.70 


LI  PROCESS 

1)  Panel  =  $726.00  (Labor) 

2  T  Stiffeners  $657.00  (Labor) 
Total  $1383.90 


1;  1/2  In.  Thk.  Panel  Assembly  Comparison 
SAW_ PROCESS  (2  Side  Weld) 

1  F'anel  -  $972  (Labor)  t  $472.56  (Consumables)  '  $1444.56 
2 /  1  Stiffeners  -  $688.50  (Labor)  *  $471.60  (Consumables)  =  $1160.10 
3  To*  a  1  $2604.66 


mi  15  [•!  % 1 A  ^1  ^  L 1 » l'i  l  IV  "J 
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EB  PROCESS 

1)  Panel  =  $816.00  (Labor) 

2)  T-Stiffeners  =  $657.00  (Labor) 

3)  Total  -  $1473.00 


As  can  be  seen  without  the  capitol  and  operating  cost  taken  into 
consideration  for  a  1  inch  thick  panel  assembly  EB  welding  shows 
about  a  31%  cost  savings  and  a  1-1/2  inch  thick  EB  welded  panel 
assembly  reflects  a  43%  savings  over  the  sub-arc  welded  alternate. 

The  one  side  submerged  arc  process  was  more  efficient  than  the  EB 
process  but  the  limitations  of  the  one  side  SAW  process  restricts 
its  use  to  less  than  1  inch  due  to  distortion  and  other  problems. 

Large  vacuum  chamber  EB  welding  would  probably  have  a  breakeven 
point  somewhere  less  than  1  inch  but  its  practicality  would  be  for 
panel  or  deck  assemblies  that  averaged  1  inch  in  thickness  or 
greater . 


i 


The  projected  overall  hourly  operating  cost  of  the  EB  set  up  would 
require  that  the  capital  cost  of  the  equipment  be  included  with  the 
labor  and  consumable  cost.  If  depreciation  of  the  EB  equipment  were 
taken  into  consideration  over  a  ten  year  period,  the  yearly  hourly 
cost  would  be  as  follows: 


■  . . 

1) 

Cost  of  equipment  (chamber  with  dimentions 
45  ft.  W  x  5  ft.  H,  gun,  pumping  systems, 
control  systems)  =  $5  million  or  $500,000 

45  f t .  L  x 
computer 
per  year. 

m  - 

' 

2) 

Labor  cost  of  2  men  for  1  year  (assume  40 
per  week)  =  2000  mh  x  2  =  4000  mh  x  $30  = 

hr.  shifts 
$120,000. 

> 

3) 

Operating  hr.  cost  (estimated)  for  water, 
maintenance  =  $15/hr.  or  $30,000  per  year. 

electricity 

feat 

4  ) 

Total  Cost  -  $650 , 000/year 

$650,000/2000  Hr.  -  $325  per  hour  direct  < 

os  t 

If  another  electron  beam  welding  method  were  considered  such  as  the 
mobile  or  the  sliding  seal  concept,  the  cost  of  the  EB  gun  with 
pumping  and  computer  systems  would  cost  an  estimated  $1.5  million. 
A  tracking  mechanism  set-up  for  the  equipment  would  cost  another 
$0.5  million  Total  cost  of  this  concept  would  be  about  $3  million 
less  than  the  large  chamber  concept. 


While  the  projected  capital  costs  of  an  EB  welding  system  are  high, 
they  are  comparable  to  installing  a  new  arc  welding  system  from 
scratch.  For  shipyards  with  submerged  arc  welding  systems  now  in 
place,  the  price  for  modifications  to  improve  the  system  would 
likely  be  in  the  range  of  $500,000  or  less.  However,  if  a 
completely  new  system  were  to  be  installed  from  scratch,  it  would 
could  easily  run  $1  to  $2  million.  This  would  compare  favorably 
with  that  of  a  sliding  seal  EB  welding  system.  The  largest  handicap 
in  deciding  to  install  an  EB  welding  system  over  a  submerged  arc 
system  is  the  lack  of  experience  in  similar  applications  for  the  EB 
systems.  This  handicap  will  exist  until  a  user  is  convinced  EB 
system  available  are  dependable  and  can  produce  on  the  basis 
est i mated ! 

As  can  be  seen,  the  large  chamber  concept  does  not  appear  as 
feasible  due  to  high  capitol  cost,  even  though  the  state-of-the-art 
EB  technology  indicates  the  large  chamber  concept  to  be  the  most 
practical.  The  mobile  or  sliding  seal  concept  is  more  feasible  from 
an  economic  standpoint  but  further  development  work  would  be 
necessary  before  it  could  be  applied  on  a  production  basis  in  the 
shipyard . 

The  cost  effectiveness  of  EB  welding  could  be  increased  if  the 
nondestructive  examination  could  be  performed  while  the  assembly  is 
under  vacuum  inside  the  chamber.  Once  the  vacuum  is  released,  the 
repairs  usually  are  made  by  manual  welding  methods.  Also,  if  faster 
'ravel  speeds  could  be  developed,  some  welding  time  could  be  saved. 

The  welding  of  mild  steels  would  not  be  as  economically  feasible  due 
to  the  decreased  cost  of  weld  consumables  as  compared  to  high 
strength  low  alloy  materials. 

he  task  manhours  for  this  cost  comparison  was  derived  from 
t  st  mutes  given  by  individuals  in  the  shipbuilding  and  construction 
industries.  For  the  cost  study  to  he  more  accurate,  it  would  be 
necessary  to  perform  a  time  study  of  the  actual  operations  in  the 


I  N  PROCESS  REP A  I  RS  AND  MONITORING  TEC HN I  QllES 

Electron  beam  welding  is  susceptible  to  the  same  types  of  weld 
defects  that  are  commonly  found  in  other  fusion  welding 
processes,  with  the  exception  of  hydrogen  induced  cold  cracking 
of  carbon  steel  welds  because  normal  ly  there-  is  no  source  of 
hydrogen  in  an  autogenous  electron  beam  weld.  The  main  types  of 
defects  in  EB  welding  are: 

1)  weld  metal  cracking  from  either  solidification, 
liquation,  and  hot  or  cold  cracking 

2 )  lack  of  fusion  or  missed  weld  seam 

3 )  lock  of  penetration 

4)  weld  metal  porosity 

5)  undercutting 

6 )  under  f  i  1 1 

Hot  or  cold  cracks  may  occur  in  KB  welds  in  alloys  that  arc- 
susceptible  to  these  types  of  cracking.  Hot  cracking  is  usually 
intergranular  and  cold  cracking  is  transgranular.  Cold  cracks 
form  after  solidification  as  a  result  of  high  internal  stresses 
fi'om  thermal  contraction  of  the  metnl  during  cooling.  A  crack 
starts  at  some  point  of  stress  concentration  and  propagates 
through  the  grains  by  cleavage. 

Proper  selection  of  the  welding  parameters  will  minimize  the  risk 
of  cracking.  If  the  travel  speed  is  too  h i gh  or  the  weld  bead 

shape  is  too  wide,  cracking  may  occur.  Also,  lack  of  penetration 

may  produce  cracking  in  the  weld  metal  since  solidification 
stresses  would  not  he  distributed  uniformly  throughout  the  depth 
of  the  joint.  Another  type  of  discontinuity  sometimes  found  in 
partial  penetration  welds  is  large  voids  at  the  bottom  of  the 
weld  metal.  Usually  these  voids  will  he  aligned  and  appear  as 

linear  porosity  rather  than  scattered  porosity.  When  the  weld 

just  penetrates  through  the  joint,  root  porosity  will  appear  as 
underfill  accompanied  by  spatter  on  the  backside  of  the  weld. 

Cold  cracking  is  related  to  the  steel  bar donah  i  I  i  t  y  and  weld 
hardness.  Normally  tn  high  hardenable  steels  with  a  carbon 
content  greater  than  0.024%,  cracking  could  occur  unless  a 
preheat  of  200°  4 0 0 °  F  is  used. 

back  of  fusion  from  missing  the  weld  seam  can  occur-  since  the 
narrow  joint  is  a  characteristic  of  the  KB  process.  This  defect 
is  avoided  by  presetting  machine  parameters  with  accurate  beam 
and  joint  alignment,  either  manually  of  by  an  automatic  tracking 
system.  A  monitoring  technique  such  as  ultrasonic  tes! ing  would 
be  the  only  sure  guarantee  of  having  proper  fusion  in  the  weld 


seam. 


i 


Residual  magnet  ism  in  the  workpira-  i:»n  somet  imes  be  sufficient 
to  cause  beam  deflection  which  results  in  a  missed  seam. 
Soinct  imes,  piccuut  ions  such  as  demagnetization  of  the  plate  or 
shielding  the  beam  with  a  screening  pipe  may  be  necessary  before 
welding. 

Weld  metal  porosity  is  usuully  associated  with  the  oxygen  or 
nitrogen  level  in  the  steel  and/or  the  heat  input.  If  the  oxygen 
and  nitrogen  content  is  higher  than  60  and  70ppm,  respectively, 
in  the  steel  and  the  welding  heat  input  is  15  KJ/cm  or  greater, 
porosity  may  occur.26  The  tolerance  level  of  N2  and  0? 
decreases,  with  increasing  weld  depth.  In  general,  a  good 
quality  vacuum  degassed  or  silicon  killed  steel  should  be  used 
when  possible. 

The  addition  of  a  filler  metal  containing  a  deoxidizer  may  be 
helpful  in  welding  metals  that  are  not  completely  deoxidized. 
Also,  the  use  of  a  slower  welding  speed  will  provide  time  for  gas 
to  escape  from  the  molten  metal. 

Preweld  inspection  and  cleaning  of  plate  surfaces  would  be 
essential  to  eliminate  porosity  caused  by  scale  or  grease.  Power 
brushing  or  flapping  followed  by  wiping  with  acetone  or  other 
(leaning  solvent  are  recommended  practices  before  the  actual 
welding  of  components. 

(Jmiercutt  ing  is  the  grooves  produced  at  the  sides  of  the  base 
metal  where  the  weld  metal  does  not  flow  evenly  up  to  the  edge  of 
the  base  metal.  Undercutting  can  result  from  too  high  travel 
speeds,  improper  or  inadequate  cleaning  procedures  and  beam 
assemotry.  Killer  metal  additions  that  reduce  the  surface 
tension  will  help  minimize  undercutting.  Figure  7 1 B  represents 
undcrcult i n g  o  f  a  w  e 1 d . 
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F1GUHI  7  1  (A;  SHOWS  PROPER  PACK  AND  HOOT  REINFORCEMENT 

(8,0  aND  I)  )  SHOW  KB  DEFECTS  OF  UNDERCUT,  UNDERFILL, 

AMD  I.A'g  ( 1 y  PENETRATION 


In  thick  plates  (3  inches  or  thicker)  the  face  and  root  surface 
shapes  are  dependent  on  the  surface  tension  supporting  the  column 


of  molten  metal  as  it  flows  along  the  weld  seam, 
speeds  the  force  of  gravity  will  tend  to  give  the 
shape  or  cause  underfill.  This  is  illustrated  in 
backup  bar  or  welding  in  another  position  other 
will  eliminate  this  condition. 


At  slow  welding 
weld  a  concave 
Figure  7  1C.  A 
than  downflat 


The  preferred  method  of  making  a  repair  in  an  EB  weld  would  be  to 
make  a  romeLt  pass  through  the  original  weld  which  contains  the 
defect.  This  is  accomplished  by  isolating  the  area  with  the 
defect  and  "sloping  in”  the  beam  current,  to  make  either  a  partial 
or  full  penetration  weld  through  the  defect  then  "sloping  out"  of 
the  weld.  If  the  "slope  in"  "slope  out"  mode  is  performed 
correctly,  the  repaired  area  is  indistinguishable  from  the 
remainder  of  the  weld.  Most  of  the  EB  equipment  manufactured 
with  CNC  capabilities  today  has  automatic  programming  of  the 
function  with  slope  times  that  can  be  varied  from  1/2  to  10  secs. 
Figure  72  shows  a  schematic  diagram  of  typical  remelt  EB  pass  of 
a  de  f  ec  t  . 
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FI  CURE  72  SCHEMATIC  DIAGRAM  OF  POROSITY  ANIl 
ADD  IT  IONA  I,  HEMKLT  li  »  PASS 


Depending  upon  requirements,  the  most  common  methods  of 
inspection  techniques  for  locating  defects  in  EB  welds  are: 

1 )  Visual 

2)  Radiograph 

3 )  Ultrasonic 

4)  Liquid  penetrant  or  mag  particle 

5)  Etch  inspection 

Visual  inspection  is  usually  performed  directly  after  welding 
inside  the  chamber  by  means  of  borescopes,  fiber  optics  or  TV 
monitor  systems. 

The  shipbuilding  industry,  due  to  the  tonnages  of  steel  that  pass 
through  the  panel  and  deck  fab  areas,  would  prcL>ably  require  on 
line  monitoring  with  ultrasonic  testing  as  well  as  in  production 
visual  inspection.  A  defect  such  as  nonfusion  from  missing  a 
seam  would  be  detrimentally  dangerous  so  monitoring  the  weld  seam 
with  100%  UT  should  be  considered.  A  large  immersion  ultrasonic 
monitoring  area  directly  behind  the  EB  weld  area,  similar  to  the 
setup  at  Grumman  Aircraft  Facility,  Bethpage,  N.Y.  may  be  a 
cons iderat i on . 

EB  welds  can  be  effectively  repaired  with  conventional  fusion 
welding  processes  as  well.  Since  set  up  time  for  EB  welding  of 
repairs  can  be  substantially  more  involved  because  of  relocating 
the  weld  seam,  digitizing,  pumpdown,  etc.,  it  might  be  more 
advantageous  to  make  the  repair  with  a  conventional  weld  process 
depending  upon  the  length  of  the  defect  and  the  plate  thickness 
being  welded. 

Even  though  defects  do  occasionally  occur  in  EB  welds,  repair 
welds  are  required  no  more  often  with  EB  welds  than  with  the 
other  conventional  welding  processes.  It  is  essential  that 
before  EB  production  welding  proceeds  proper  welding  parameters 
be  established  by  analysis  of  raacrosect ions  of  sample  welds  and 
by  nondestructive  testing. 

Due  to  t  ic  l.igh  degree  of  control  of  the  EB  welding  process,  it 
offers  sjveial  long  term  advantages  for  producing  consistent  high 
level  quality  welds. 


SAFETY  CONSIDERATIONS  FOR  E  B  WELD!  NO 

Since  electron  beam  welding  uses  a  high  energy  beam  of  electrons 
to  provide  the  thermal  energy  for  welding,  there  are  several 
safety  precautions  that  need  to  be  observed  that  are  not  normally 
necessary  for  other  types  of  conventional  welding. 

The  primary  hazards  associated  with  HR  equipment  and  its  use  are 
electric  shock,  x  radiation,  fumes  and  damaging  visible 
radial  ion. 

All  electron  beam  welding  machines  operate  with  high  voltage  that 
con  cause  fatal  injury.  The  manufacturers  of  EB  equipment 
provide  proper  insulation,  but  nil  precautions  should  be  followed 
by  trained  operators  and  technicians  when  servicing  and 
troubleshooting  the  equipment. 

Most  of  the  x-rays  in  EB  welding  are  produced  from  the  high 
velocity  electrons  of  the  beam  striking  the  workpiece.  They  are 
also  generated  when  the  beam  strikes  gas  molecules  or  metal  vapor 
in  the  gun  column  and  work  chamber.  Underwriters  and 
govern mental  regulations  have  established  firm  rules  for  the 
allowable  exposure  levels  of  radiation  in  industry.  All  ER 
equipment  that  is  produced  by  the  manufacturers  meet  these 
requirements  when  it  leaves  the  factory.  The  user  of  the 
equipment  is  required  to  monitor  and  maintain  the  radiation 
exposure  levels  allowed  by  law. 

Normally,  the  shielding  provided  by  the  steel  walls  of  the 
chamber  are  adequate  shielding  but  occasionally  lead  shielding  is 
required  around  the  gun.  Lead  glass  windows  are  employed  for  the 
portholes  of  the  chamber  for  viewing.  In  the  case  of  nonvacuum 
or  mobile  vacuum  systems,  it  is  necessary  to  provide  lead 
shielding  around  the  machine  to  protect  the  operator.  In 
addition  to  normal  precautions,  it  is  wise  to  post  x  ray  signs  on 
the  equipment  to  inform  other  personnel  of  the  hazard.  A 
radiation  survey  should  be  performed  at  the  time  the  equipment  is 
installed  and  at  regular  intervals  afterwards. 

It  is  doubtful  i  f  any  air  left  in  I  he  high  vacuum  chamber  would 
be  sufficient  to  produce  harmful  gases,  but  when  partial  vacuum 
or  non vacuum  welding  is  performed,  these  gases  are  evolved. 
Precautions  such  as  adequate  ventilation  and  proper  exhausting 
techniques  should  he  followed  to  provide  a  safe  work  area. 

Viewing  of  the  visible  radiat  ion  generated  by  the  welding  process 
can  be  harmful  to  personnel  eyesight.  Proper  safety  precautions, 
such  ns  eyeglasses  or  lead  glass  windows,  should  be  employed  when 
viewing  the  EB  weld  process. 


CONCLUSIONS 

The  domestic  manufacturers  of  EB  equipment  have  the  capabilities  to 
design  EB  systems  for  use  in  the  shipbuilding  industry.  The  EB 
manufacturers  surveyed  for  this  report  are:  1)  Leybold  Heraeus  Vacuum 
Systems,  2)  Sciaky  Bros,  and  3)  MG  Industries  -  Steigerwald  Systems. 

EB  welding  could  be  adapted  to  production  line  fabrication  in  the 
shipbuilding  industry  in  the  flat  panel  and  T- stiffener  to  panel 
assembly  area.  The  large  vacuum  chamber  concept  appears  the  most 
practical  for  the  butt  welds  of  the  panel  plates  and  the  fillet  welds 
of  the  T-stiffeners  to  panel  plates,  but  due  to  the  high  capital  cost 
of  the  large  chamber,  this  concept  may  not  be  as  economically 
feasible  as  the  mobile  or  sliding  seal  or  the  non-vacuum  concept  of 
EB  welding. 

EB  welding  could  be  feasibly  adapted  to  pipe  welding  and  T-stiffener 
web  to  flange  welding  in  the  shipyard,  but  future  development  work 
should  be  considered  before  application.  Pipe  welding  with  EB 
equipment  is  still  in  the  development  stage  and  has  not  been 
perfected,  as  yet,  on  a  production  basis. 

KB  welding  can  be  compared  to  the  conventional  methods  of  welding  in 
the  shipbuilding  industry  and  be  feasible  as  a  long  term  investment. 
For  EB  welding  to  be  justifiable  in  a  shipyard,  the  savings  of  the 
welding  manhours  and  the  consumable  costs  would  have  to  balance  out 
the  cost  of  the  EB  equipment. 

A  study  of  some  of  the  different  types  of  materials  used  in  the 
shipbuilding  industry  show  they  can  be  EB  welded,  but  their  resultant 
mechanical  properties  may  vary  depending  upon  the  composition  of  the 
base  material  and  the  weld  parameters  selected. 

Preliminary  EB  weld  tests  on  HSLA  material,  A710  Grade  A,  indicates 
it  has  better  weld  metal  mechanical  properties  than  HY  80  in  the 
as  welded  condition.  HY80  normally  requires  post  weld  heat  treat  to 
obtain  reasonable  mechanical  properties  after  EB  welding. 

A  review  of  current  nondestructive  inspection  practices  indicates 
that  ultrasonic  inspection  is  the  most  favored  method  of  examination 
of  EB  welds.  Radiography  can  be  used,  but  has  been  known  to  miss 
defects  such  as  nonfusion  where  the  electron  beam  did  not  fuse  the 
parent  metal  to  the  weld  metal. 

An  economic  cost  comparison  between  welding  a  1  inch  and  1  1/2  inch 
thick  panel  assembly  with  the  automatic  submerged  arc  process  and  the 
electron  beam  process  was  present  rd.  With  the  task  manhours 
included,  EB  welding  showed  an  31\  cost  savings  for  the  1  inch  thick 
panel  assembly  and  a  34\  cost  savings  for  the  11/2  inch  thick  panel 
assembly  as  compared  with  two  sided  submerged  arc  welding  process. 
Capital  costs  of  equipment  were  not  included. 


RECOMMENDATIONS 


Consider  the  EB  welding  process  with  either  a  large  vacuum  chamber 
concept  or  mob i I  e/s  1 i d ing  seal  welding  concept  for  use  in  the 
fabrication  of  future  panel  assemblies. 

Establish  program  to  develop  mobile  or  sliding  seal  EB  welding 
equipment  for  production  panel  fabrication.  Cost  analysis  indicates 
this  method  of  EB  welding  may  be  more  feasible  from  an  economic 
standpoint . 

Establish  a  program  to  develop  the  most  effective  method  of 
degaussing  the  panel  plates  before  they  are  EB  welded. 

Further  development  studies  on  the  mechanical  properties  of  EB  welded 
steels  used  in  shipbuilding  such  as  DH36  and  A710  Grade  A  material 
should  be  considered. 


A  time  study  in  a  shipyard  of  the  actual  manhours  involved  with 
preparing  and  welding  a  panel  assembly  compared  to  the  estimates  made 
in  this  report . 
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NON-VACUUM  SYSTEMS  DESCRIPTION 


SPECIFICATION  FOR  LEYBOLD-HERAEUS  NVW  (17  5)  -SPECIAL 
ELECTRON  BEAM  GENERATING  SYSTEM 


General  Description 

The  Leybcld-Heraeus  NVW  (17.5)  Electron  Beam  Generating 
System  is  an  extremely  practical  and  efficient  device 
that  is  designed  for  high  production  welding  of  metals 
in  air  at  working  distances  (exit  orifice  to  weld  joint) 
ranging  from  0.250  to  1.50  inches. 

Work  handling  equipment,  especially  designed  to  customer 
requirements,  is  offered  with  the  NVW  system.  In  this 
way,  customer  requirements  and  variables  such  as  part 
configuration,  production  rate,  etc.,  can  be  satisfied 
by  designing  only  the  necessary  work  handling  equipment. 
Every  element  of  this  system  is  carefully  designed  to 
allow  maintenance-free,  dependable  operation  in  the  con¬ 
ventional  environment  of  the  production  plant.  Because 
of  these  inherent  features,  the  NVW  system  is  especially 
suited  for  incorporation  in  assembly-line  type  or  other 
mass-production  facilities. 

Detail  Description 

The  NVW  (17.5)  electron  beam  generating  system  is 
completely  self-contained  and  features  modular 
construction.  The  modular  subsystems  include  a 
welding  column  assembly  (housing  the  electron  gun 
and  vacuum  staging  systems) ,  an  electrical  control 
cabinet,  a  high  voltage  power  supply,  and  a  vacuum 
pumping  system. 

The  welding  column  assembly  is  responsible  for 
generating  and  directing  the  electron  beam  at  the 
workpiece.  The  assembly  can  be  mounted  off  a 
vertical  or  horizontal  support  member  and  connected 
through  flexible  vacuum  hosing  to  the  column  vacuum 
system,  and  mated  to  a  variety  of  specialized  tool¬ 
ing  packages.  The  beam's  power  and  accelerating 
potential  are  supplied  by  the  high  voltage  power 
supply.  The  vacuum  environment  necessary  in  the 
welding  column  is  produced  by  a  pressure  staging 
arrangement  provided  by  the  vacuum  pumping  system. 

The  electri.cal  control  cabinet  maintains  control 
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3.2  (continued) 

over  the  entire  system.  It  provides  power  and  logic 
to  the  vacuum  system,  continuous  adjustment  and 
instrumentation  of  beam  current  and  accelerating 
potential,  workpiece  cycle  control,  and  other 
machine  functional  requirements.  The  subsystems 
can  be  positioned  in  a  compact  arrangement  which 
still  provides  easy  access  to  all  subsystems. 

The  subassemblies  and  their  major  components  are 
described  in  detail  below. 

3 . 3  Electron  Gun  and  Column  Assembly 
Beam  Generation 


The  patented  Leybold-Heraeus  telefocus  electron 
gun  is  of  the  self-accelerated  triode  type.  Electrons 
are  emitted  from  a  ribbon  style  filament,  then  colli¬ 
mated  and  accelerated  by  a  potential  field  existing 
between  the  cathode  and  anode . 

The  electron  beam  generated  by  the  gun  is  focused 
as  it  passes  through  an  electro-magnetic  lens 
located  near  the  base  of  the  gun  column. 

Beam  Control 


Control  of  beam  power  is  obtained  by  setting  a 
voltage  level  between  cathode  and  anode,  and  select¬ 
ing  a  voltage  level  between  cathode  and  grid.  Both 
beam  current  (i.e.,  mass-flow  of  electrons)  and 
velocity  are  easily  established.  The  operating 
accelerating  potential  is  175  kV. 

Beam  current  is  continuously  variable  over  the  range 
^  to  idu  milliamps  by  means  of  a  control  which  allows 
fine-setting  resolution  over  the  full  current  range. 

Upuer  Column 


The  upper  column  contains  the  electron  gun  assembly 
which  is  supported  from  the  top  of  the  upper  housing. 
The  fi^du-cut  •- :>  c-ctc.il>-  tor  stability,  long 

life  and  fast  replacement.  The  electron  gun  and  in¬ 
sulator  assenh1  v  ■'  s  mechanically  pre -aligned  and  locked 
by  a  partial  t-.cn  cf  a  locking  ring.  The  exposed  grid 
cup  and  filament  assembly  is  provided  with  a  quick-dis- 
ccrnecr  electrical  connection,  thereby  facilitating 
rep  1  a cement . 
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A  side  mounted  column  door  provides  access  for  filament 
and  gun  service  thereby  maintaining  the  critical  mount¬ 
ing  surfaces  and  spatial  relationships  of  these  com¬ 
ponents.  Alignment  of  the  electron  bundle  with  the  focus 
coil  is  readily  accomplished  electromagnetically  via  the 
alignment  coil  located  below  the  anode. 

Electrical  Control  Cabinet 


All  electrical  circuit  components,  controls,  indi¬ 
cators,  instrumentation,  low  voltage  power  supplies, 
etc. ,  are  located  in  a  completely  self-contained 
cabinet.  The  electrical  system  is  designed  for 
compliance  with  applicable  parts  of  EIA,  NEMA,  NMTBA 
and  JIC  electrical  standards.  Major  components  such  as 
the  magnetic- lens -regulated  power  supply,  the  high  voltag< 
and  vacuum  control  modules ,  electrical  control  relays 
and  voltage  regulating  transformers  are  located  on  panel 
mounted  chassis  or  vertical  panels  for  ease  of  maintenanc< 
The  typical  controls  and  instrumentation  present  are: 

Beam  Current  Milliammeter 
Vacuum  Level  Meter 
Beam  Focus  Control 
Accelerating  Potential  Control 
Filament  Current  Control 
Vacuum  Cycle  Control 

All  controls  and  meters  are  machine  tool  type  of 
high  quality  and  accuracy. 

High  Voltage  Power  Supply 

All  power  supplies  operating  at  high  voltage  are 
packaged  in  separate,  oil-filled,  self-contained 
modules.  Filament  current,  beam  current  and  high 
voltage  are  adjustable  from  the  control  panel. 

(a)  The  main  high  voltage  supply  provides  beam 

currents  of  up  to  100  mA  at  the  fixed  operating 
voltage  of  175  kV.  An  electronically  regulated 
motor  generator  set  supplies  variable  voltage 
AC  into  the  supply  and  allows  independent  control 
of  output  DC  voltage  from  0  to  230  kV  (to  "clear" 
gun) .  The  set  value  of  output  voltage  is  regulated 
to  +  17.  by  means  of  the  high  response  (1/4  second) 
regulating  system. 

The  filament  power  supply  delivers  the  required 
DC  power  on  a  1007.  dutv  cycle  basis.  Line  regula¬ 
tion  is  +  17  for  107  line  voltage  variations.  Ripple 
is  less  than  37 -  A  filament  temperature  relaxation 
circuit  is  incorporated  to  extend  filament  life. 


(b) 
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(continued) 

A  second  additional  relaxation  is  incorporated  to 
assure  that  no  beam  may  be  generated  during  parts 
transfer . 

Vacuum  Staging  System 

A  vacuum  staging  system  is  incorporated  into  the 
column  for  maintaining  the  electron  gun  in  a  high 
vacuum  (1x10"^  Torr  region)  environment  with  line- 
of-sight  orifices  open  to  atmospheric  pressure. 

The  high  vacuum  in  the  electron  gun  section  of  the 
column  is  maintained  by  a  method  designed  to  develop 
a  pressure  strata  varying  from  atmosphere  to  a  vacuum 
level  of  1x10"^  Torr.  The  beam  of  electrons  accelerated 
by  the  high  voltage  potential  passes  through  the  regions 
of  varying  pressure  and  into  the  atmosphere  while  retain¬ 
ing  sufficient  power  density  for  effective  electron  beam 
welding . 

Vacuum  Pumping  System 

The  vacuum  pumping  system  functions  to  provide  the 
proper  operating  pressure  level  for  the  electron  gun. 

The  system  consists  of  a  2200  L/S  oil  diffusion  pump 
in  series  with  two  600  cfm  blower-150  cfm  mechanical 
pump  combination.  The  diffusion  pump  provides  the  high 
vacuum  in  the  electron  gun  region.  The  vacuum  levels 
in  the  intermediate  stages  are  provided  by  plumbing  to 
the  above  pumps  at  discrete  points.  The  mechanical  pumps 
are  mounted  remotely  to  insure  isolation  of  the  electron 
gun  column  from  the  vibration  generated  by  the  pump. 

The  necessary  controls  to  operate  the  vacuum  equipment 
are  located  in  the  control  station. 


Utility  Requirements 


Electrical 


“'Water 


Drain 


I.xhaus  t 


460/480  volts,  3  phase,  60 
hertz,  400  amps. 

1.5  gpm  and  45  psi.  (6  gpro 
during  Faraday  cup  usage) 

75  to  110  psig,  clean,  dry, 
oiled  -  1/2  inch  ips  connection. 

2- inch  ips  is  required  to 
dispose  of  cooling  water. 

3- i.nch  vent  line  is  required 
tor  mechanical  pumps.  An  ex¬ 
ternally  exhausted  vent  line 

is  also  required  for  dispensing 
of  welding  vapors. 

Dried  and  filtered  air. 

Dry  Helium. 
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Operational  Gases 
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The  EBW  36000-60/150  Electron  Beam  Welding  System  incorporates 
advanced  machine  design  and  construction  technology,  including 
a  new  type  of  vacuum  pumping  system,  automatic  weld  path  adjustment 
and  pallet-shuttle  part  load/unload. 

The  new  system  will  be  used  to  weld  large  rotary  parts  from  30  to 
108  in.  diameter  and  weighing  up  to  10  tons.  It  will  join  an 
inner  hub  to  an  outer  ring  with  two  continuous  weld  paths  with 
weld  depths  from  2\  to  4*5  inches.  The  new  EB  welding  system  will 
produce,  in  less  than  3  hours,  the  same  part  that  previously  took 
up  to  one  week  using  the  submerged  arc  welding  process. 


UNIQUE  FEATURES  OFFER  MANY  PRODUCTION  BENEFITS 


A  fixed  gun  high-voltage  electron  beam  welder  with  a  chamber  size 
of  192"  x  84"  x  132",  the  Leybold-Her aeus  EB  welder  was  specifi¬ 
cally  designed  to  make  circumferential  and  linear  welds  on  large 
heavy  parts.  With  tooling  the  machine  weighs  over  70  tons. 

The  electron  beam  gun  is  rated  for  continuous  duty  at  60  Kw, 
double  the  power  level  of  many  other  high  voltage  units  operating 
in  U.S.  industry.  It  has  a  dual-lens  arrangement  that  permits 
broad  focal  length  range.  The  gun  column  has  an  integral  tilt 
device  that  allows  it  to  be  positioned  to  +35  degrees  from  the 
vertical,  with  1/100  of  a  degree  accuracy. 

One  of  the  system's  most  important  features  is  Real  Time  Seam 
Tracking.  Periodically  during  actual  welding,  the  electron  beam 
can  automatically  drop  to  a  low  power  level  and  scan  ahead  of  the 
weld  spot  to  locate  the  seam.  The  beam  then  returns  to  the  weld 
keyhole  and  resumes  welding.  A  signal  is  sent  to  the  CNC  which 
then  repositions  the  part  for  any  position  deviation  due  to  thermal 
expansion  or  part  run-out.  Real  Time  Seam  Tracking  is  accomplished 
in  milliseconds  without  interruption  of  the  welding  process. 

The  vacuum  chamber  is  constructed  from  1  inch  thick  stainless 
steel  and  heavily  ribbed  to  minimize  chamber  distortion  during 
operation.  A  Leybold-Her aeus  proprietary  chamber  design  allows 
for  machining  of  the  guide  rails  in  the  chamber  base  to  precise 
machine  tool  standards  without  later  loss  of  precision  due  to 
distortion  from  structural  welds  in  the  chamber  walls. 


The  vacuum  pumping  system  is  the  first  domestic  application  of 
its  kind  in  the  electron  beam  welding  industry.  Instead  of  con¬ 
ventional  diffusion  pumps,  Leybold-Heraeus  employs  a  cryogenic 
pump  system  on  the  machine.  Compared  to  diffusion  pumps,  cryogenic 
pumps  offer  advantages  such  as  elimination  of  part  contamination 
from  oil  back  streaming,  elimination  of  reduced  pumping  speed 
during  humid  periods,  and  reduced  energy  consumption. 

The  machine  is  equipped  with  an  Allen-Bradley  7320  CNC  featuring 
special  LH  Executive  software.  All  tooling  motions,  including 
the  tilting  column,  vacuum  pump  sequences,  and  other  routine 
machine  functions  are  under  CNC.  Welding  parameters,  seam  track¬ 
ing  and  data  logging  are  performed  automatically.  Provision  is 
also  made  for  manual  control  of  the  machine  through  the  CNC. 

MODULAR  TOOLING  SYSTEM  PROVIDES  PRECISE  POSITIONING 

The  machine's  tooling  consists  of  X-axis  and  rotary  tables  inside 
the  chamber,  and  a  pallet-shuttle  part  load/unload  system  outside 
the  chamber.  The  pallet  and  workpiece  are  loaded  onto  the  rotary 
table,  which  sits  on  the  X-axis  table,  by  a  unique  airglide 
system  consisting  of  an  external  loader/transporter  mounted  on  a 
run-out  system.  The  rotary  table  positions  50,000  lbs.  to  within 
.01  of  a  degree  accuracy,  and  .001  degree  repeatability.  The  X- 
axis  table  positions  65,000  lbs.  to  within  +.001  in. /ft.  with  a 
maximum  accumulated  error  of  less  than  .005  in.  with  .001  in. 
repeatability.  Together  the  X-axis  and  rotary  tables  provide 
highly  accurate  positioning  of  the  part  under  the  vertical  elec¬ 
tron  beam  for  making  rotary  welds. 


A  separate  Y-axis  table,  with  the  same  accuracies,  is  also  supplied 
It  can  be  mounted  on  the  X-axis  table  after  the  rotary  table  has 
been  removed-  This  allows  for  making  linear  welds  in  either  the 
X-  or  Y-axis  direction. 


When  the  loader/transporter  is  removed  from  the  run-out  system 
base,  the  X-axis  table  can  be  driven  out  of  the  chamber  onto  the 
run-out  base  complete  with  its  ballscrew  and  drive.  This  unique 
feature  enables  the  tooling  to  be  operated  outside  the  chamber 
for  setup  and  servicing.  \  3 
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Model  No. 

Chamber  Dimension  (Interior) 
Chamber  Volume 
Chamber  Weight,  Empty 

Loaded 


36000  150/60 
192  x  132  x  84  inch 
36 , 000  Liters 
40  Tons 
80  Tons 


Electron  Beam  Gun 


Accelerating  Voltage 
Beam  Current 

Maximum  Continuous  Power 
Focal  Length  Range 
Gun  Tilt  Range 
Tilt  Accuracy 


Output 


Pos  i  t  i  on  i  n< 


Axes 


and  Squareness 


X  Table  Dimension 
X  Table  Range 

Y  Table  Dimension 

Y  Table  Travel 
Speed  Range  X  &  Y  Axes 
Position  Accuracy  X  &  Y  Axes 
Position  Repeatability  X  &  Y 
X  Table  Load  Capacity 

Y  Table  Load  Capacity 
Parallelism  Straightness  a 

X  &  Y  Axes 

Potary  Table  Diameter 
Rotary  Table  Speed  Range 
Rotary  Table  Accuracy 
Rotary  Table  Load  Capacity 
Concentricity  of  Table  Top 
Speed  Accuracy  all  Axes 
"  T  "  Slot  Size 


Fixture  Plate  Diameters 

Fixture  Plate  Part  Load 

Max  p  a  r  t  size  (standard  c  o  n  f i g  u  r  a  r  i  o  n ) 

Load  Capacity  Air  3 earn 


Vacuum  System 


Roughing  Pump  Set 
High  Vac  Pumps 

Evacuation  Time  to  4  x  10"^  Torr 
Base  Pressure 


175  Kv 
400  mA 
60  Kw 
72  inch 
35  degrees 
.01  degree 


76  x  664 

inch 

105.5 

inch 

664  x  664 

inch 

35 

inch 

0  -  72 

i  pm 

+  .001 

i  n  .  /  f  t 

+  .0005 

inch 

65,000 

lbs. 

45,000 

1  bs  . 

.001 

i  n  .  /  f  t 

72 

inch 

16  to  60 

rev/hr 

+  .008 

degree 

50,000 

lbs. 

.002 

in.  T  I 

*  . 1%  of 

set  p 

1  inch  "T" 

bolt 

76,  96,  120  inch 

20,000  lbs. 

31  in.  II  g  t  .  x  9  ft.  d  i  a  . 
42,000  lbs. 


(2)  L-H  WAU  2000  (1383  cfm 
(4)  L-H  0 K 2 0 0  (1  32  cfm) 

(2)  I.-H  RPK  10,000 

Cryogenic  Pumps 

20  min. 

1  x  10'^  forr 


CNC  Control 

Weld  Depth  Penetration 


Allen  Bridley  7300  (std.) 
(optional;  Allen  Bradley  8  2  L  R ,  G E  2  0  0  0  X  C  N C  ) 

0  -  12  inch  ( m  a  t  e  r i a  1 
dependent  ) 


For  Large  Work  pieces - 
EB  Large  -  Chamber  Machines 

3  Examples  of  Various  Uses 

System  DesignA 
Operating  Sequence 

Standard  Assemblies 

Additional  Features 

Know-How,  Support  &  Service 

Technical  Data 


For  Large  Workpieces - 
IB  Large-Chamber  Machines 


: 


till 


til 


'  -?» 


M 


fir 


»  r1 


■  Nl 


o  EB  Gun  (15  kW  60  kV) 

o  High-Voltage  and  Auxiliary 

O  Work  Chamber  (1000  liters) 

Power  Supplies  for  the  EB  Gun 

0  Runout  Platform 

Q  Control  Cabinet 

O  Workpiece  Manipulator 

©  Operating  Desk 

0  Vacuum  Pumping  System  for  the 

0  Operating  Panel 

Work  Chamber 

©  CNC 

Q  High-Vacuum  Valve 

O  Vacuum  Pumping  System  for  the 

EB  Gun 

Oryo  Pumping  System 

/ acuum 

Pumping  Systems 
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1  Chamber  4  Roughing  Pumps  7  Roots  Pumps 

2  EB  Gun  5  Valves  8  Cryo  Pump 

3  Turbomolecular  Pumps  6  Oil  Diffusion  Pump  9  Absorption  Trap 
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APPENDIX  B 


MANUFACTURER’S  LITERATURE 
FURNISHED  BY 


SCIAKY  BROS .  ,  INC  . 


The  basic 
Mark  VII  EB 
welding  system 


The  Sciaky  Ma.  k  VII  system  consists  of  the  following  equipment: 

■  1 .  Vacuum  Chamber  and  Manipulating  Mechanisms  ■  6  High  Voltage  Power  Supply 

■  2.  Vacuum  Pumping  System  ■  7.  Power  Distribution  Cabinet 

■  3.  Mark  VII  Computer  Control  Cabinet  ■  8.  Pumping  Control  Cabinet 

■  4  Servo  Cabinet  ■  9.  Operator  Console 

■  5  AVR  (Automatic  Voltage  Regulation)  Cabinet 


The  heart  of  the 

Sciaky  EB  system...  Mark  VII 

computer  control. 


MINICOMPUTER 


_ 
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SCIAKY  INTERFACE 


CRT  TERMINAL 


'  The  introduction  of  the  Mark  VII  computer 
control  into  the  Sciaky  welding  system  takes 
the  guesswork  out  of  process  control  by  the 
use  of  an  operating  system  for  complete 
machine  and  process  control,  programming 
and  extensive  monitoring  of  process 
variables 

Mark  VII  Is  a  totally  integrated  system 
that  includes  solid  state  automatic  voltage 
regulator  (AVR).  solid  state  filament  control, 
modern  servo  drives  and  vacuum  pumping 
monitoring  all  under  the  control  of  a  powerful 
minicomputer  through  its  interlace. 
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B.  ELEMENTS  OF  MACHINE 


(a)  Introduction 

This  Title  briefly  describes  the  main  elements,  or  systems  of  your  eiecton 
beam  welder.  These  elements  are  as  follows:  vacuum  chamber  and  pumping 
system,  motion,  and  beam  power.  The  pumping  system  is  an  independent  control 
system;  motion  and  beam  power  are  controlled  through  a  computer. 

This  computer  control  system  allows  you  to  control  the  machine  completely 
from  fhe  program  and  also  allows  manual  control  by  the  operator.  For  an 
illustration  showing  the  control  arrangement  of  this  welder,  see  the  block 
diogram  of  Fig.  2.1,  T ypical  Mark  V 1 1  Computer  Controlled  VX  Welder. 

(b)  Vocuum  Chamber  &  Pumping  System 

The  chamber  is  an  enclosure  for  the  gun  and  workpiece  so  that  they  can 
be  pumped  down  to  the  weld  level  of  vocuum.  This  chamber  is  made  rigid 
with  enough  strength  so  that  when  it  is  pumped  down,  deflection  caused  by 
pressure  at  the  exterior  is  at  a  minimum.  Additionally,  the  walls  are  thick 
enough  and  design  features  have  been  provided  so  that  X-rays  generated  during 
the  weld  are  kept  to  a  safe  level.  Doors  and  windows  are  provided  for  easy 
access  and  viewing. 

The  chamber  for  your  VX,  or  hard  vacuum  welder  is  pumped  down  by 
a  vacuum  system.  This  system  contains  three  pumps;  holding,  roughing-backing, 
and  diffusion.  The  first  two  pumps  are  mechanical  units.  Gasses  in  these 
units  are  compressed  and  pumped  away  by  pistons  or  vanes.  The  diffusion 
pump  uses  molecules  from  a  heated  pool  of  specially  refined  oil  to  pump  away 
gasses. 

The  pumping  system  requires  air  to  operate  the  valves  associated  with 
it  and  water  to  cool  the  pumps.  Before  operating  this  system,  make  sure 
that  the  power,  air,  and  cooiing  water  are  on. 

When  the  system  is  first  turned  on,  the  oil  in  the  diffusion  pump  is  heated 
to  the  required  operating  temperature  and  the  roughing-backing  pump  is  used 
to  evacuate  the  diffusion  pump.  The  oil  heating  time  is  controlled  through 
a  delay  timer.  Once  this  delay  times  out,  the  roughing-backing  pump  is  valved 
off  from  the  diffusion  pump  and  this  system  is  said  to  be  in  a  standby,  or 
ready-to-operate  condition. 

When  the  chamber  is  closed  and  the  system  is  in  standby,  the  chamber 
can  be  evacuated.  When  fhe  pumpdown  starts,  the  chamber  is  evacuated 
by  the  roughing-backing  pump. 

Pumpdown  of  the  chamber  is  monitored  by  a  thermocouple  gauge,  which 
has  a  switchover  setting.  When  this  switchover  setting  is  reached,  the  roughing- 
backing  pump  is  switched  to  bock  the  diffusion  pump  and  the  diffusion  pump 
is  used  to  evacuate  the  chamber.  The  roughing  backing  pump  backs  the  diffusion 
pump  throughout  the  weld  operation. 

The  switching  in  this  system  is  controlled  through  limits  shown  at  your 
Vacuum  Monitor  display.  These  limits  are  identified  as  DL,  delay  limit;  LL, 
low  limit;  and  HL,  high  limit.  When  you  are  pumping  down  from  atmospheric 
pressure,  you  will  be  at  Vacuum  Ready  when  high  limit  is  reached.  After 
reaching  high  limit,  outgassing  may  cause  vocuum  level  to  drop.  If  vacuum 
goes  below  low  limit,  Vacuum  Ready  will  drop.  When  Operation  Program 
is  being  run,  vacuum  level  is  allowed  to  go  down  to  Delay  Level  before  Vocuum 
Ready  drops. 

The  holding  pump  is  used  to  hold  vacuum  on  the  diffusion  pump  while 
the  chamber  is  roughing  down  and  while  the  system  is  in  Standbv. 


(c)  Motion,  Mechonicol 

The  chamber  is  equipped  with  motorized  carriages  for  the  gun  and 
workpiece.  This  arrangement  allows  the  gun  and/or  work  to  be  moved  to  any 
location  in  the  chamber  providing  for  a  mobile  system  even  though  the  gun  and 
work  are  enclosed. 

Three  axes  of  motion  are  typically  provided  for  a  VX  chamber  as  follows: 

X,  Y  and  Z.  X  and  Y  are  used  to  drive  either  the  gun  or  the  work  carriage, 
depending  on  the  arrangement  of  your  welder.  If  X  drives  the  work,  Y  drives 
the  gun  etc.  Axes  and  drive  directions  are  specified  facing  the  pumping  port  in 
the  chamber.  X-axes  drives  a  carriage  laterally,  left  and  right;  Y-axes  drives 
the  associated  carriage  in  and  out.  Z-axis  drives  the  gun  carriage  up  and  down. 

In  addition  to  the  X,  Y  and  Z-axes,  optional  drives  may  also  be  supplied. 
Usually  these  optional  drives  are  mounted  on  top  of  the  work  carriage. 

—  Reference  Positions 

Your  reference  to  determine  direction  of  movement  is  looking  into  the 
chamber  facing  the  inlet  ports  of  the  pumping  system.  The  system  also  has  two 
reference  positions  from  which  all  moves  are  programmed;  home  and  zero  set. 
See  Fig.  2.2  for  an  illustration  showing  axes  of  motion,  direction  of  movement, 
and  home  positions  provided  for  your  welder. 

Home  is  a  0.000  absolute  reference  position.  This  position  is  established 
through  the  location  of  a  limit  switch  and  an  encoder.  Zero  Set  is  a  position 
electrically  marked  from  which  all  moves  will  be  made  and  can  be  set  at  any 
position  desired.  If  Zero  Set  is  not  activated,  this  position  is  taken  to  be  at 
home. 

AXES  HOME  POSITIONS 
X  =  Full  Left 

Y  =  Full  In,  Toward  Pumps 
Z  =  Full  Up 

AXES  DIRECTIONS 
X+  =  Away  From  Home 
X-  =  Toward  Home 
Y+  =  Toward  Home 
Y-  =  Away  From  Home 
Z+  =  Up,  Toward  Home 
Z-  =  Down,  Away  From  Home 
A+  =  CW 
A-  =  CCW 

Fig.  2.2  Illustration,  Axes  Motions 
—  Programmed  Modes  A  Control 

Axes  moves  are  programmed  in  two  modes;  absolute  and  incremental. 

These  modes  are  identified  with  G  codes,  90  for  absolute,  and  G9  I  for 
incremental . 

Absolute  allows  you  to  go  to  a  position  specified  using  Home  or  Zero  Set  as 
reference.  Incremental  allows  you  to  make  a  step  move  of  a  specified  distance 
using  your  present  position  as  reference. 

The  axes  can  be  controlled  by  the  operator  through  remote  controls  and 
through  a  program.  Direct  operator  control  is  usually  used  for  jogging.  In  this 
operation  ilie  operator  seleds  tlie  axes  to  be  run,  travel  direction,  and  jog 
velocity.  i  .be  system  is  under  full  program  control,  the  operator  only 

enables  'be  jx  to  be  run.  In  this  latter  operat  ion,  ..  e-  ':.x,  •li-ecfion  of 

travel,  and  velocity  are  controlled  through  the  program. 


/ 


(d)  Beam  Power 


This  paragraph  describes  the  factors  that  affect  the  beam  power  applied 
to  the  workpiece.  Beam  power  is  controlled  through  two  parameters,  accelerating 
voltage  and  beam  current.  Under  certain  conditions,  a  third  parameter,  filament 
voltage  will  also  affect  current. 

—  Gun,  General  Description 

The  following  is  a  brief  description  of  how  the  gun  operates.  This  information 
will  give  you  a  better  understanding  of  what  happens  when  you  change  the 
beam  power  operating  parameters.  For  a  more  detailed  description  of  the 
gun,  see  SECTION  6. 

When  the  temperature  of  the  filament  is  increased,  electrons  are  liberated 
and  form  into  a  cloud  in  front  of  this  device.  A  high  voltage  between  the 
filament  and  the  anode  accelerates  these  electrons  and  pulls  them  into  a  beam. 

As  the  electrons  leave  the  filament,  they  pass  through  a  hole  in  the  cathode. 

The  cathode  helps  form  them  into  a  beam.  This  element  can  also  be  used 
to  restrict  the  flow  of  electrons  to  control  beam  current.  When  used  in  this 
way,  the  cathode  acts  simular  to  a  control  grid  in  a  conventional  vacuum  tube. 

Electrons  are  not  collected  at  the  anode,  but  pass  through  a  hole  in  this 
device.  As  they  pass  through  this  hole,  they  converge,  reach  a  narrow  crossover 
point,  and  then  again  diverge. 

After  diverging,  the  electron  beam  passes  through  the  focus  coil  where 
it  is  again  focused.  Focus  is  set  so  hat  the  beam  forms  a  spot  of  some  desired 
size  at  the  work. 

—  Filament 

Within  certain  limits,  filament  voltage  determines  the  supply  of  free 
electrons,  or  current  that  is  available  for  the  beam.  However,  this  is  not 
an  arbitrary  setting.  Filament  voltage  s  a  critical  setting  and  must  be  correctly 
set  for  the  system  to  operate  properly.  The  following  is  a  brief  description 
of  how  the  system  operates  and  of  setting  the  filament  voltage. 

With  the  accelerating  voltage  held  constant  and  filament  voltage  at  a 
low  level,  as  filament  voltage  is  increased,  the  beam  current  also  increases. 

This  proportional  increase  continues  up  to  a  given  level.  The  gun  is  referred 
to  as  operating  in  a  temperature  limited  region  when  a  proportional  filament 
current/voltage  increase  is  noted.  This  region  is  usually  not  used  for  welding, 
but  at  the  low  end  of  the  range,  about  3  mA,  moy  be  used  for  scanning  a  part. 

As  the  filament  voltage  level  continues  to  be  increased,  a  saturation 
point  is  reached  where  the  beam  current  no  longer  follows  the  increase  in 
filament  voltage.  The  beam  current  increase  slows  down  and  then  almost 
stops  following  filament  voltage.  This  '.aturation  point  changes  with  the  accelerating 
voltage  level. 

The  correct  filament  operating  level  for  most  welds  is  slightly  above 
the  point  where  the  apparent  increase  m  beam  current  stops.  The  procedure 
of  making  this  adjustment  is  referred  to  os  "kneeing  the  filament."  At  this 
time,  the  filament  is  said  to  be  operating  in  a  space  charge  region.  Since  the 
saturation  point  changes  with  the  kV  operating  level,  knee  the  filament  each 
time  the  kV  accelerating  level  is  changed.  We  recommend  that  you  knee 
the  filament  with  the  Bias  OFF. 


Beam  Current 


Beam  current  can  be  controlled  by  applying  a  bias  voltage  to  the  cathode 
which  allows  it  to  oct  as  a  control  electrode.  This  bias  is  used  to  limit  the 
number  of  electrons  that  are  allowed  to  enter  into  the  beam  which,  in  turn, 
limits  the  beam  current.  The  desired  level  of  current  is  set  with  the  Beam 
Current  parameter.  This  current  can  range  from  the  maximum  rating  of 
your  system  to  some  minimum  value  as  indicated  in  the  following  description: 

Maximum  beam  current  is  determined  by  the  kV  operating  level,  how 
well  filament  was  set  at  knee,  and  range  of  components  used  in  the  gun. 

To  make  maximum  as  high  as  possible  for  your  kV  operating  level,  switch 

Bias  OFF  when  kneeing  the  filament.  If  you  knee  the  filament  at  60  kV  (Bias  OFF), 

using  250  mA  components,  maximum  beam  current  will  be  slightly  above  250  mA. 

Minimum  beam  current  is  determined  by  all  the  foctors  indicated  in 
maximum  beam  current,  plus  bias  set  with  the  Beam  Current  parameter. 

If  the  current  is  not  cut-off  at  minimum,  this  level  can  be  lowered  by 
lowering  the  kV  kneeing  level  of  the  filament.  If  the  knee  was  set  at  60  kV 
using  250  mA  components,  you  should  be  able  to  control  the  current  from 
250  mA  to  cut-off.  If  the  knee  was  set  at  60  kV  using  500  mA  components, 
you  can  expect  75  mA,  or  more  at  minimum.  However,  you  should  be  able 
to  obtain  cut-off  by  kneeing  the  filament  at  30  kV  in  this  range.  When  kneeing 
at  60  kV  and  700  mA  (500  mA  components  and  spacer),  you  can  expect  100  mA 
or  more  at  minimum. 

—  Accelerating  Voltage 

Accelerating  Voltage  and  Bearn  Current  are  the  two  power  control  parameters 
for  the  weld.  Accelerating  Voltage  is  usually  kept  at  a  constant  level  and 
Beam  Current  is  varied  to  control  weld  power.  The  kV  level  is  set  so  that 
the  beam  current  range  is  wide  enough  for  good  power  control.  To  assure 
that  this  range  is  wide  enough,  the  kV  level  used  when  kneeing  out  the  filament, 
should  produce  a  slightly  higher  level  of  beam  current  than  required  for  the 
weld.  Note  that  the  kV  level  used  when  kneeing  the  filament  should  be  the 
kV  Accelerating  Voltage  for  the  weld. 

—  Focus 

While  Focus  is  not  a  direct  beam  power  control,  it  must  be  considered 
in  this  category  as  if  changes  the  effects  of  beam  power.  Focus  changes  the 
spot  size,  or  diameter  of  the  beam,  and  the  distance  from  the  gun  where  it 
is  most  concentrated. 

If  the  associated  beam  power  parameters  are  held  constant,  as  the  spot 
size  is  mode  smaller,  the  power  density,  or  heat  concentration  of  the  beam 
is  increased  which  increases  penetration.  If  the  spot  size  is  made  larger  under 
these  conditions,  penetration  decreases. 

Focus  may  be  adjusted  so  that  the  point  of  concentration  is  above,  below, 
or  at  the  surface  of  the  work.  For  each  gun-to-work  distance,  a  single  focal 
point  exists  where  the  beam  is  at  its  smallest  diameter. 


(e)  Beam  Deflection 

Beam  Deflection  provides  a  convenient  means  of  moving  the  beam  over 
short  distances.  This  function  deflects  the  beam  magnetically  off  it’s  normal 
path  through  two  coils  positioned  at  right  angles  to  each  other.  These  coils 
are  enclosed  in  a  housing  attached  to  the  bottom  of  the  focus  coil,  gun  pointing 
down.  See  Fig.  2.3  for  an  illustration  of  these  coils  and  the  deflection  action. 


The  two  coils  provide  two  axes  of  motion  defined 
as  X  and  Y.  Each  coil  can  deflect  the  beam  in 
the  +  and  -  direction.  This  arrangement  can  be 
used  to  move  the  beam  in  all  four  quadrants  of 
X  and  Y. 

The  moves  obtained  from  Beam  deflection  can 
be  used  for  various  purposes.  Some  of  these  purposes 
are  as  follows:  offsetting  beam,  seom  tracking, 
scanning,  welding  with  gun  stationary,  and  welding 
with  a  combination  of  gun,  work,  and  deflection 
moves. 

Beam  Deflection  is  not  restricted  to  simple 
moves.  Complex  moves  are  made  by  applying 
signals  simultaneously  to  both  coils.  These  signals 
can  be  used  to  produce  the  following:  linear  vector 
moves  in  any  quadrant,  circles,  squares,  sine,  or 
almost  any  type  of  motion.  The  type  of  motion 
obtained  depends  on  how  the  deflection  axes  are 
programmed.  The  following  illustration  shows 
some  of  these  moves  and  uses. 


F  ig.  2.3,  Illustration, 

Beam  Deflection 


1  Basic  Moves  Linear  Vector  Circle  Moved  By  Axes  Drive 

O  Denotes  normal  position  of  Beam  (Not  Deflected) 


Note  that  as  vou  deflect  the  beam,  it  is  moved  off  it's  normal  position 
at  some  angle.  The  distance  that  the  beam  moves  varies  directly  with  the 
gun-to-work  distance.  For  example:  a  move  that  deflects  the  beam  1/2"  at 
3"  gunto-work  provides  I"  deflection  at  6"  gun-to-work.  Also,  note  that  as 
you  increase  deflection,  you  increase  the  angle  of  the  beam.  In  some  cases, 
this  angle  could  cause  problems.  For  example,  if  you  aim  the  beam  at  a  seam 
when  welding,  you  could  be  cuttinq  the  seam  at  an  angle.  This  angle  could 
provide  only  limited  penetration  of  the  seam  as  shown  in  the  following  illustration. 

Beam  deflection  is  usually  measured  in  degrees. 

A  standard  coil  provides  7°  deflection  at  maximum. 

At  6"  gun-to-work,  7°  should  deflect  the  beam 
0.737".  Since  the  characteristics  of  coils  may 
=3  vary  slightly,  check  under  actual  operating  conditions. 

r-*“  Note  that  special  purpose  coils  may  be  ordered 

V  ottucus  within  the  limit  of  your  system. 

\y'  POSIT  i  0» 


is»»  »issis 


• 

te  * 

Title 

Par/Fiq 

r 

A. 

(a) 

m 

B. 

(b) 

(a) 

(b) 

(c) 

(d) 

(e) 

u 

C. 

(a) 

- 

D. 

(b) 

(a) 

1 

(b) 

(c) 

- 

E. 

TABU;  Of  CONTENTS 
SECTION  3,  OPERATOR  CONTROLS 

Description 

PUMPING  SYSTEM  CONTROLS  - 

Introduction  - 

Pumping  Controls,  Cabinet  - 

WELD  SYSTEM  CONTROLS,  MAIN  CONSOLE - 

Initial  Set-Up  Controls  - 

Operation  Program  - 

Motion  Controls  - 

Weld  Parameter  Controls  - 

Keyboard  - - 

CRT  SCREENS,  MAIN  CONSOLE  - - - 

Monitor,  Beam  Def lec tion-Ref lec tron  - 

System  Monitor  - 

PENDANT  - - - 

Initial  Set-Up  Controls  - 

Operation  Program  Controls  - - — 

Motion  Controls  - - - 

OPTIONS  - - — ■ 


Page 

3.1 

3.1 

3.2 
3.4 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 
3.9 

3.9 

3.10 
3.10 
3.10 
3.1  I 
3.12 
3.12 

3.12 

3.13 


(a) 

(b) 

(c) 


Wire  Guide  Pendant 
Wire  Feed 
Optical  Viewing 


SECTION  3 

OPERATOR  CONTROLS 

Pi  ivPirjr,  c;vc,7j  v  r  ONTROLS 

(o)  P'l”  ;)ilpn  'or  ('  jls,  i'onvil'' 

T*-»e\*-  ontr  'is  are  !is<~?  to  control  the  pumpdown,  venting,  and  show  status 

of  t n,  •  :  —  ip  ■  r-;  s/stem. 


STAMO 

** 


VENT 

S  EVACUATE 

ON 

■  CHAMBER 

VENT 

1'  b*eak 

OFF 

■  VACUUM 

(!)  ST  a:  JDBY/VACUUM  READY 

Indicators  lit  to  show  following  states  of  pumping  system: 

—  STANDBY;  system  warmest  up  and  ready  for  pumpdown  to  weld  level. 
—  VACt  II. IN*  READY;  chamber  [Dumped  down,  ready  to  weld. 

(2)  VENT  Or  if  VENT  OR 

Push  button  to  control  vent  valve.  Press  VENT  OFF  to  keep  valve  closed. 
VLl  IT  Of  I  allows  vent  to  he  swit chert  through  control  system. 

(3)  EVACUATE  CHAMP!  R/RRKAK  VACUUM 

Pumping  control  push  buttons.  Press  EVACUATE  CHAMBER  when  system 
is  in  STANDBY  condition  to  beqin  pumpdown  to  weld  level.  Press  BREAK 
VACUUM  to  valve  off  pumping  system  from  chambers.  At  this  point, 
press  VF  NT  ON  to  admit  air  into  chamber  when  it  is  pumped  down 

CAi  IT  ION 

To  turn  off  pumping  system  in  case  of  an  emergency,  turn  Of! 
power  us'ng  disronne<  t  at  pumping  control  cabinet. 
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(b)  Pumping  Controls,  Cobmet 

The  controls  of  this  panel  are  used  to  turn  the  pumping  system  on  and 
off,  show  the  vacuum  level  at  various  points  in  the  system,  and  to  control  the 
switching  point  from  low  to  high  vacuum. 


OUMlfl  I0IIZMKM 


(I)  START/SYSTEM  ON/STOP 

Pumping  system  control  pushbuttons  and  indicator  provide  followinq  use: 

—  START;  press  to  begin  warm  up  cvcle  after  air,  water,  and  power  are  on. 
—  SYSTEM  ON;  indicator  lit  when  pumping  svstem  is  on. 

—  STOP;  press  to  begin  auto  cycle  to  shut  down  pumping  svstem.  F ull 
shut-down  occurs  after  diffusion  pump  cools  down. 

NOTE 

Pumping  svstem  will  be  automat ically  switched  to  stop  if 
wafer  flow  and/or  air  pressure  is  low. 

(?)  CHAMBER  THERMOCOUPLE 

Gauge  shows  chamber  vacuum  in  lower  range  (higher  pressure)  and  controls 
switchover  from  rouqh-to-high  vacuum  pumpino.  Switchover  is  foctory 
set  from  80  to  100  microns.  Turn  gouge  Of  I/Of  t  with  switch  at  front 
panel.  Red  indicator  is  lit  when  gauge  is  on. 


£0 "lc 


R.  WELD  SYSTEM  CONTROLS,  MAIN  CONSOLE 
(a)  Initial  Set-Up  Controls 

This  group  of  main  console  controls  is  used  during  set-up  and  for  Emergenr 
and  fault  conditions. 


(1)  MASTER  RESET,  ON/RESET 

Reset  push  button  end  indicator  for  control  system. 

—  -  ON;  indicator  lit  when  system  is  enabled. 

—  -  RESET;  press  to  enable  motion  and  beam  power  control  systems. 

(2)  EMERGENCY  STOP 

Press  to  immediately  interrupt  and  disable  motion  and  beam  power  control 
Systems. 

(V  G |  ow  I  )IS<  HARGf  ,  ON/OF  E 

FJush  button  controls  for  Glow  Discharge  system.  Press  On  to  select 
Glow  Discharge  program  activated.  Press  OF  F  for  regular  operation 
of  machine  and  to  disable  Glow  Discharge  opera t ion.  See  SF C  T l( jt  J  5., 
Title  12.,  for  Glow  Discharge  procedures. 

N)  F  AULT /FAULT  CLEAR 

Indicator  for  errors  detected  in  part  program  at  monitors  and  push  button 
to  clear. 

—  FALILT;  error  band  status  indicator.  Lamp  Off,  conditions  normnl; 

lamp  flashing,  narrow  band  exceeded;  lamp  stavs  on,  wide  band  exceer 

—  f  AUL  T  CLHAFT;  press  to  clear  fault. 

(5)  MASTER  LAMP  TLST 

^ush  button  to  check  condition  of  lamps.  Press  to  light  oil  lamps. 

<n)  CHAMBER  LIGHTS.  ON/OFf 

Power  control  push  buttons  for  lights  in  chamber,  press  to  turn  on  nr  off. 


(b)  Operation  Program 


This  group  of  controls  is  used  to  control  the  running  of  the  Operation  Progra 
and  to  select  the  run  mode  of  this  progrom. 


BLOCK 

DELETE 


OPERATION  PROGRAM 


■II 

BHIK 

’  f 

ON 

OFF 

OPERATION  PROGRAM 

O.P.  STOP  lU/KX 


RUNNING 


OPERATION  PROGRAM,  START/STOP 

Push  button  switches  to  control  active  program,  press  to  start  or  stop. 

OPERATION  PROGRAM,  RUNNING 

Indicator  lit  when  program  is  being  run. 

BLK/BLK,  ON/OFF 

Program  mode  selector  push  buttons.  Press  ON  to  run  block-by-block; 
program  will  hold  after  each  block.  May  be  selected  at  any  time,  including 
after  program  starts.  Press  OFF  to  cancel  block-by-block  operation, 

OP  STOP,  ON/OFF 

Ml  code  recognition  selector  push  buttons.  Press  ON  to  stop  program 
after  each  Ml  code  is  read.  Press  OFF  to  bypass  optional  stop.  May 
be  selected  at  any  time,  including  after  program  starts. 

CONTINUE /HOLDING 

CONTINUE  push  button  and  HOLDING  indicator. 

Press  CONTINUE  to  resume  operation  af  ter  any  hold.  HOLDING,  indicator 
is  lit  during  a  program  HOLD. 

BLOCK  DELETE,  ON/OFF 

Push  button  selectors  to  allow  programmed  information  to  be  bypassed. 
Press  OFF  to  run  regular  program.  Press  ON  to  delete  oil  information 
to  right  of  a  "/"  reference,  program  continues  running.  Select  before 
starting  to  run  Operation  Program.  If  selected  when  prourn"'  is  beino 
run,  will  be  ignored  until  program  is  completed. 


(c)  Mot  ion  Controls 


These  controls  are  used  to  enable,  indicate  the  status,  and  to  operate 
the  axes  drives.  A  similar  group  of  <  ontrois  is  used  at  each  drive.  A  single 
description  has  been  provided  for  ea>  h  control  since  the  use  of  like  titled 
controls  in  each  group  is  similar.  Se--  Title  D.,  Par  (c),  for  associated  controls 
used  mainly  for  jogging,  and  Fig.  ?.?  for  an  illustration  showing  travel  driection 
of  each  axes. 


(1)  ON/OFF 

Drive  control  push  buttons. 
Press  ON  to  enable  and 
OFF  to  turn  drive  off. 

(2)  ENABLED 

Indicator  lit  (steady  on) 
when  drive  is  enabled 
and  conditions  are  normal. 
Indicator  flashing  means 
problem  in  drive  svstem. 
attempt  to  clear  as  indicated 
in  SECTION  5,  Title  A., 

Par  (b). 


(3)  SEARCH  A  HOMt 

SEARCH  push  button  and  Home  indicator.  Press  SEARCH  to  run  drive 
to  home  posifon.  Indicator  flashes  daring  home  search  and  stavs  lit  in 
home  pos i t ion. 

(M  Sr  1  A  /I  R.O 

Zero  set  position  push  hnlton  and  indicator.  Press  SET  to  mark  reference 
pomt  from  whu  h  ail  moves  *  i  :  I  '  , .  mode,  rather  than  f  rom  home.  ZLR>  > 
indicator  is  lit  in  /era  set  posit  Em.  Axes  must  have  been  homed  before 
Zero  S'*t  is  allowed. 

(5)  M  T <  A  M T - 

Normally  off.  Indicator  flushinq  shows  maximum  travel  limits  exceeded 

cjr  d  dir  ret  ion  Travel  .vas  ceded. 
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(d)  Weld  Parameter  Controls 

This  group  of  controls  is  used  to  control  the  beam  power  and  focus. 


ACCEL 

VOLTACE 

M 


BEAM 

vURREMT 

K 


-RE SEtrt 


OL  RESET 


BIAS 


FILAMENT 

a 


ON 


OFF 


ACCEL  VOLTAGE,  ON/OFF  &  ON 

Accelerating  voltage  (AV)  control  push  buttons  and  Of  I  indicator.  Press 
ON  to  enable  and  OFI  to  disable  accelerating  voltage.  On  indicator 
is  lit  when  accelerating  voltage  is  enabled. 

BEAM  CURRENT,  OL  RESET  &  RESET 

Push  button  to  reset  beam  current  and  a  status  indicator.  RESET  indicator 
is  normaly  lit.  Flashing  indicates  not  RESET  or  overload.  Press  OL  RESET 
to  restore  normal  operation. 

BIAS,  ON/OFF 

Bias  control  push  buttons.  Press  ON  to  enable  and  OFF  to  turn  off  and 
disable  bias  control  svstem. 

FILAMENT,  ON/OFI 

F  dament  control  push  buttons.  Press  ON  to  enable  and  OFT  to  turn  off 
and  disable  current  to  filament  of  gun. 

MANUAL  ADJUST,  FTL,  RC,  A  BE 

Manual  controls  to  adjust  programmed  override  levels  for  eoch  of  these 
functions,  FIL  (Filament),  BC  (Ream  Current),  and  BE  (Beam  Focus). 
Activate  RUN  display,  CTRL  R,  to  note  override  value. 


(e)  Keyboord 


This  kevboard  is  used  by  the  operator  to  communicate  with  the  system. 

The  operation  of  this  device  is  similar  to  that  of  a  standard  typewriter  keyboard. 
Since  the  keyboard  is  standard,  this  paragraph  only  describes  the  special  frequentl 
used  features  of  this  device. 


(I)  CTRL  f 

F.rase  screen  command.  To  obtain,  press  both  the  CTRL  and  F  keys  and 
hold  closed  momentarily.  Use  the  same  basic  procedure  to  activate  most 
displays;  press  CTRL  and  key  identified  by  letter  following  CTRL. 

(7)  RETURN 

Press  this  kev  to  end  line  of  test.  This  key  is  identified  os  in  these 
insfrue  t  ions. 

(!'  LS<  or  ALT  mode. 

Use  when  paging.  Pressing  ESC.'  displays  next  pogc  of  a  multi-page  display 
when  it  overflows  capacity  of  screen. 

(U)  RUB  OUT 

Use  to  erase  charocter(s)  to  left  of  cursor  when  correcting  errors. 

(5)  RPT  (repeat) 

Press  RPT  with  another  kev  to  repeat  the  character,  letter,  or  action 
indicated  bv  other  key. 

(o)  SMI f  I 

Press  SHIFT  with  another  kev  to  obtain  action,  number,  or  character 
shown  at  upper  part  of  other  >.ev. 

(7)  Lov  ■••r  Par 

Press  to  obtain  blank  space  in  input  character  string. 


C.  CRT  SCREENS,  MAIN  CONSOLE 


(a)  Monitor,  Beam  Defleetion-Reflectron 

This  CRT  monitor  is  used  to  display  the  beam  deflection  patterns.  For  a 
description  of  this  monitor,  see  the  supply  manufacturer's  manual  furnished 
under  separate  cover,  Hewlett  Packard  1 340A  Display. 


(1)  INTENSITY 

Turn  to  control  brightness. 

(2)  FOCUS 

Turn  to  control  sharpness 
of  image. 

(3)  POSITION 

Two  image-positioning 
controls.  Turn  to  move 
image  as  shown  by  arrow 
next  to  control. 


(4)  GAIN,  X  &  Y,  OFF /X2/X4  (Console  Controls) 

Push  button  selectors  to  control  gain  of  X  and  Y  axes.  Operation  of  both  groups 
is  similar.  Press  OFF  for  a  gain  of  XI,  X2  to  increase  twice  and  XU  to  increase 
four  times. 


(b)  System  Monitor 

CRT  at  main  console  for  system  displays.  This  Monitor  is  activated  as  soon  as 
power  is  turned  on  to  the  machine.  An  Emergency  Stop  will  clear,  but  not  disable  the 
display. 


(1)  Upper  Left  Knob. 

ON/OFF  and  brightness  control. 

(2)  Upper  Right  Knob. 

Contrast  control. 


D.  PENDANT 


(a)  Initial  Set-Up  Controls 

This  control  servos  the  same  use  a s  a  like  titled  control  of  the  main  console. 

(I)  emergency 

Press  this  push  button  to  immediate Iv  stop 
operation  of  motion  and  beam  po-ver  function 

CAUTION 

This  EMERGENCY  does  not  affect 
pumping  system.  To  turn  pumping 
system  off  in  an  emergency,  use 
disconnect  at  pumping  cabinet. 


(b)  Operation  Program  Controls 

These  controls  also  serve  the  same  use  as  like  titled  controls  at  the  mai 


OPERATION  PROGRAM* 

•  TT ' 


mmimM 

*  vlkl  CONTMUE 


(I)  START/STOP 

Proaram  control  push  buttons,  press 
to  START  or  STOP. 

(?)  RUNNING 

Indicator  lit  when  proaram  is  heina  run. 

H)  CONTINUE  A  HOLDING 

Restart  pushbutton  and  indicator. 

Press  CONTINUE,  to  resume  proara  - 
after  hold.  HOLDING  mdic  ator  s 
lit  during  a  program  hold. 


(c)  Mot  ion  Controls 


This  group  of  controls  at  the  hand-held  pendant  is  used  primarily  for 
togging.  The  pendant  allows  you  to  keep  close  watch  of  the  drive  when  jogging. 


HOME 


ZERO 


POSITION 


V|H>  l  t  A  8  k  I 

rc  'wr 


y./Y/Z  or  r 

Selector  to  enable  one  of  the  indicated 
axes  for  jogging. 

.00 1  "/.On  to  IO"/ino°  ond  HIGH/MFD/LO 

Selector  to  choose  type  of  jog  operation 
desired;  step  or  momentary;  length 
of  step,  and  momentary  speed  range.  I Jse 
five  positions  from  .00!"/.0l°  to  10"/ 100° 
to  select  step  moves  and  length  of 
step.  Use  HIGH/MED/LOW  to  select 
momentary  operation  and  speed. 

ENABLE 

Indicator  lit  when  drive  selected  is 
enabled  at  main  console. 

Its)  MOTION 

Indicator  lit  when  drive  selected  is 
in  motion. 

HOME 

Indicator  lit  when  axis  selected  is  in 
home  position. 

ZERO 

Indicator  lit  when  axis  selected  is  in 
Zero  Set  position. 

MT+/MT- 

Indicators  lit  to  show  overtrovel  and 
direction  of  overtravel.  Normally  off 
JOG  +  /JOG- 

Push  buttons  to  select  trovel  direction 
ond  to  jog  enabled  drive. 


OPTlOf  JS 


(a)  Optical  Viewinq,  Console 


The  following  controls  are  used  with 
the  Optical  Viewinq  Svstem  to  observe 
the  weld  and/or  align  the  gun  travel  with 
the  work-piece  seen. 

M)  OPTICS  POWER,  ON/OFF 

Power  control  push  buttons.  Press  ON 
to  enable,  or  OFF  to  turn  system  off. 

(?)  LAMP,  ON/OFF 

Power  control  push  buttons  for  illuminatinq 
lamp  of  system. 

(3)  COLLIMATED  LENS  SHUTTER,  OPEN/CLOSE 
Shutter-control  push  buttons.  Onlv  press 
OPE  I J  when  beam  power  is  off.  ^ress  CLOS* 
before  weld  power  is  turned  on. 

(4)  OPEN 

Indicator  lamp  lit  when  shutter  is 


SECTION  k 
DISPLAYS 

A.  DESCRIPTION 

(a)  Introduction 

This  Title  shows  the  displays  that  are  available  with  a  typical  EB  welder, 
the  commands  to  activate  them,  and  a  brief  description  of  each  display.  A 
detailed  description  of  these  displays  and  the  associated  programming 
information  is  described  in  the  companion  Programmer's  Manual. 

The  displays  of  this  welder  allow  you  to  see  information  contained  in  stored 
programs,  operating  limits  and  ranges  of  various  parameters,  and  the  status  of 
various  inputs,  outputs,  and  iogicals  for  the  machine.  In  addition,  the  bottom 
four  lines  of  the  screen  are  reserved  to  show  information  as  it  is  being  keyed  in. 
This  information  is  rolled,  that  is,  when  you  exceed  the  line  capacity,  the  top 
line  moves  out  of  the  display  range.  The  bottom  line  always  shows  latest 
information  keyed  in. 


(b)  Displays  Listing 

This  paragraph  lists  all  the  displays  that  are  described  in  Title  B.,  and 
provides  a  brief  description  of  these  displays.  Each  display  is  activated  by 
pressing  two  keys  at  the  same  time;  press  CTRL  first,  hold  pressed  and  then 
press  key  identifying  display.  For  example;  if  you  want  to  look  at  the  RUN 
display,  press  keys  CTRL  and  R. 

The  displays  are  listed  in  alphabetical  order  of  the  CTRL  command.  All  of 
the  displays  listed  may  not  be  supplied  for  your  machine.  If  a  display  is  not 


supplied,  it  will  be  noted 

in  the  associated  paragraph. 

Display 

Press  Keys 

Command 

Description 

ANALOG  METER 

CTRL  A 

Reference  of  actual  operating  level  for 
beam  power,  motion,  beam 
deflection,  etc. 

TIME 

CTRL  C 

Run  time  of  system,  2b  hour  clock. 

SEAM  TRACK  MONITOR 

CTRL  D 
CTRL  E 

Seam  Track  data  and  end  point  range. 
Erases  active  display. 

SYSTEM  FILE 

DIRECTORY 

CTRL  F 

Lists  stored  programs  and  remaining 
capacity  of  storage.  May  be  longer 
than  one  page. 

DIGITAL  METER 

(  T  r:_  g 

Current  operating  levels  of  AV,  BC  and 
BF. 

HEAT  TREAT  DIRECTORY 

CTRL  H 

Shows  heat  treat  pattern  and  program. 

DIGITAL  INPUTS 

CTRL  1 

Status  of  inputs  to  machine,  low  or  high 

CORRECTION  MONITOR 

CTRL  K 

Moves  axis  to  keep  beam  on  the  weld 

LOGICAL  OUTPUTS 


CTRL  L  Dynamic  display  of  status  of  logical 
outputs. 

ADAPTIVE  SCAN  MONITOR  CTRL  N  Bias  reference  and  filament  volts  in  scan 

mode. 

DIGITAL  OUTPUTS  CTRL  0  Status  of  outputs  from  machine  that 

operates  devices,  high  or  low. 

PROGRAM  MONITOR  CTRL  P  Weld  program  now  in  use. 

ERROR  QUEUE  CTRL  Q  Lists  error  messages.  Top  line  is  last 

error  message. 

RUN  PARAMETER  CTRL  R  Shows  programmed  parameters  of  beam 

deflection  and  beam  power. 

SERVO  MONITOR  CTRL  S  Programmed  motion  parameters. 

TIMER  MONITOR  CTRL  T  Status  and  operating  limits  of  timers  in 

system.  May  be  longer  than  one  page. 

EVENT  COUNTER  CTRL  U  Current  status  and  operating  limits  of 

counters. 

VACUUM  MONITOR  CTRL  V  Chamber  vacuum  set  points  and 

operating  level. 

PROCESS  MONITOR  CTRL  W  Operating  limits  of  deflection  and  beam 

power  parameters 

AXIS  POSITION  TABLE  CTRL  X  Stored  axes  coordinates. 

ANALOG  SETPOINT  CTRL  Y  Shows  operating  limits  of  analog  outputs 

COLLECTION  MONITOR  CTRL  Z  Current  state  of  data  collection 

operation 

RACK  MONITOR  CTRL  ^  M  Status  of  input-output  control  modules. 

BAR  GRAPH  DISPLAY  CTRL  ^  N  Graphic  display  of  filament,  beam 

current,  and  bias  levels. 

(  s*  -  press  shift  key) 

NOTE 

To  erase  any  display  being  shown,  press  CTRL  and  E. 


B.  DISPLAYS  &  HOW  TO  GET  THEM 


(a)  ANALOG  METER 


»  N  »  l.  0  6  Kite* 


•  ••  0 

✓  A  — • 

....  tt 

/  0  •••• 

-  •  •  •  A 

/  0  — 

r'At.KfcL 

vOLTAGt 

Channel 

VOLtA&t 

CMAXNtL 

VOLTAGt 

00 

00.00 

00 

00.00 

!« 

00.00 

•  01 

00.00 

01 

00.00 

15 

00.00 

0* 

00.00 

o? 

00.00 

14 

00.00 

01 

00.00 

0} 

00.00 

17 

00.00 

04 

00.00 

0« 

00.00 

05 

00.00 

OS 

00.00 

04 

00.00 

Oft 

00.00 

‘  07 

00.00 

07 

00.00 

10 

00.00 

10 

00.00 

t  ! 

00.00 

1 1 

00.00 

1? 

00.00 

i; 

00.00 

1  1 

00.00 

1 J 

00.00 

Activated  by  — CTRL  A 
Display  type  — Dynamic 
Purpose  — Shows  reference 
signals  that  determine 
operating  levels  of  functions, 
and  feedback  signals 
representing  actual  operating 
levels.  Used  when  calibrating 
and  troubleshooting. 


(b)  TIME 


•  4  4 

I  t  4 
M4M 


•  tMM 

*  < 

4  I 

4  I 

4 


m  «j 

I  I  I  44**44 

4  I  I 

i  4  MM4M 


•  *****  4*4*44  4  4 


•  444  4*4  4**444 

4  44444  444  4 

444  *****  *4*4*4  4 


Activated  by  —CTRL  C 
Display  type  — Dynamic 
Purpose  — 2*4  hour  real  time 
clock,  shows  time  of  day.. 


(c)  SEAM  TRACK  MONITOR 
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Activated  by  — CTRL  D 
Display  type  — Dynamic 
Purpose  — Operator's  and 
programmers  aid  when 
developing  program.  Shows 
deflection  gains,  velocity 
gains,  and  acceptable  limits  of 
end  point  in  data  collection. 


(d)  SYSTEM  FILE  DIRECTORY 


Activated  by  — CTRL  F 
Display  type  — Static 
Purpose  — Lists  all  programs 
in  storage,  available  storage 
capacity,  and  file  number  of 
these  programs.  Used  as  a 
reference  file  for  Operator, 
Programmer,  and 
Maintenance. 
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(e)  DIGITAL  METER 


Activated  by  — CTRL  G 
Display  type  — Dynomic 
Purpose  — Provides  expanded 
view  of  actual  operating  level 
of  selected  functions, 
typically;  beam  current, 
accelerating  voltage  and  beam 
focus.  Use  as  easy  to  read, 
wide  angle  meter,  showing 
frequently-needed  operating 
levels. 
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(f)  HEAT  TREAT  DIRECTORY  (only  with  Heat  Treat  option) 
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Activated  by  — CTRL  H 
Display  type  — Static 
Purpose  — Supplied  with  Heat 
Treat  option  to  show  heat 
treat  pattern  and  program 
information.  Used  as  a  file 
directory  for  Heat  Treat 
programs. 
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(g)  DIGITAL  INPUTS 
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Activated  by  — CTRL  I 
Display  type  — Dynamic 
Purpose  — Shows  states  of 
inputs  to  machine.  Usually 
used  when  troubleshooting  to 
see  if  a  switch  is  open  or 
closed.  The  //  sign  in  a 
bracket  indicates  a  high, 
closed  or  on  state. 


(h)  CORRECTION  MONITOR 

CONNECTION  *  0  N  I  T  0  N 


-  «  .  CONNECTION  OMCCTJOW  -  • 


INVALID  (MON 


CONVICTION  ON  l  II 
CONNECTION  *(LOCITt  I  ooo.o 
CONNECTION  »«I5  I  ■ 

CONTNOL  BIND  i  00.00 
UNO  ACCENT  4NCE  Band  i  00.00 
CONNECTION  (SN3N  j  00.00 


Activated  by  — CTRL  K 
Display  type  — Dynamic 
Purpose  — Corrects  for  the 
error  of  the  beam  being  off 
the  weld  seam  by  a  defined 
axis  and  a  given  velocity.  The 
defined  axis  is  the  axis  that  is 
moved  to  keep  beam  on  the 
weld  seam.  Velocity  is  in 
in./min. 
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(i)  LOGICAL  OUTPUTS 


Activated  by  — CTRL  L 
Display  type  — Dynamic 
Purpose  — Shows  status  of 
Logical  Outputs  in  sequence 
control  for  machine.  Usually 
used  when  troubleshooting  to 
determine  where  machine  is  in 
operating  cycle. 
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Activated  by  —  CTRL  N 
Display  type  —  Dynamic 
Purpose  —  Used  to  improve 
scan  signal  during  scanning 
operation. 
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(m)  ERROR  QUEUE 
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Activated  by  — CTRL  Q  or 
automatically  by  fault. 
Display  type  — Dynamic 
Purpose  — Shows  why  and 
where  error  occurred  and 
keeps  a  listing  of  errors.  Top 
line  shows  latest  message. 


(n)  RUN  PARAMETER 
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Activated  by  —  CTRL  R 
Display  type  —  Dynamic 
Purpose  —  Shows  following 
information  for  beam 
deflection  and  beam  power 
functions. 

1.  Standby  operating  levels. 

2.  Maximum  operating 
parameter  value. 

3.  Constant  offset  value, 

+  or  -is  added  to  operating 
level. 

4.  Override  range  in  percent 
for  both  programmed  and 
manually  adjusted  level. 
Use  to  determine  standby 
conditions  and  to  see  how 
basic  operating  level  is 
affected  by  override. 


(o)  SERVO  MONITOR 
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(p)  TIMER  MONITC  R 


Activated  by  — CTRL  T 


operating  limits  of  timers  in 
system.  Usually  used  when 
checking  out  a  fault  in  system 
being  caused  by  some  device 
operating  too  slow,  or  not 
operating. 


Display  type  — Dynamic 
Purpose  — Shows  status  and 
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Activated  by  —CTRL  S 
Display  type  —Dynamic 
Purpose  —Control  parameters 
for  motion  functions  to 
control  response.  Use  when 
calibrating  and 
troubleshooting. 
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Activated  by  —  CTRL  U 
Display  type  —  Dynamic 
Purpose  —  Shows  status  and 
operating  limits  of  counters. 
Used  to  count  number  of  times 
a  function  or  device  is 
operated  before  initiating 
another  function  or  device. 


NOT  supplied 


(r)  VACUUM  MONITOR 
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Activated  by  — CTRL  V 
Display  type  — Dynamic 
Purpose  — Shows  actual  levels 
of  vacuum  in  chamber  and  set 
point  defining  low  level  (LL), 
high  level  (HL)  of  vacuum  and 
the  delay  level  (DL).  Usually 
used  as  a  quick  check  of 
vacuum  when  pumping  down. 
For  description  of  limits,  see 
SECTION  2.,  Title  B.,  Par  (b), 
Vacuum  Chamber  and  Pumping 
System. 


(u)  ANALOG  SETPOINT 


Activated  by  —  CTRL  Y 
Display  type  —  Dynamic 
Purpose  —  Set  operating  band 
for  defined  analog  outputs- 
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(v)  COLLECTION  MONITOR 
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Activated  by  —CTRL  Z 
Display  type  -—Dynamic 
Purpose  — Shows  current 
state  of  parameters  in  data 
collection  process.  Use  to 
note  location  of  axes  with 
respect  to  collection  points  in 
each  segment  and  APT  points 
in  Seam  Track  operation. 

Used  by  (^aerator  and 
programmer  when  developing 
progrom. 


(w)  RACK  MONITOR 
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The  arrow  means  press 
SHIFT  key.  Be  sure  to  press 
and  hold  momentarily  all 
three  keys;  CTRL,  SHIFT, 
and  the  associated  character. 


(x)  BAR  GRAPH  DISPLAY 
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Activated  by  — CTRL  /  N. 
Display  type  — Dynamic 
Purpose  — Graphically 
displays  filament,  beam 
current,  and  bias  levels. 
Primarily  used  when  kneeing 
filament  in  bar  graph  format. 
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MACHINE  CONTROL  AND  SUPPLY 


MACHINE  CONTROL 

The  control  of  the  Installation  is  a 
microprocessor  based  program  (Pc).  It  Is 
separately  and  clearly  arranged  in  the  central 
switching  cabinet,  and  it  comprises  the  pump 
station  controls  of  the  chamber  and  of  the  gun  as 
well  as  all  interlocks  and  logic  operations. 

The  control  is  composed  of  a  central  processor 
unit  and  of  a  number  of  discrete  input/output 
modules  clearly  arranged  on  tracks.  The 
individual  modules  have  LED  status  indicators 
allowing  quick  fault  detection.  The  processor  is 
equipped  with  an  internal  operating  system  which 
not  only  continuously  monitors  the  clock  frequency 
of  the  inquiry  logic,  the  program  flow,  the 
busline  function  and  the  Internal  logic  voltage, 
but  also  checks  whether  there  is  any  fault  in  the 
track,  in  a  module  or  in  the  connection  from  the 
track  to  the  processor 

Such  fault  signals  are  separately  transmitted  for 
each  track.  These  signals  are  processed  through 
the  program  in  view  of  s e 1 f - p r o t e c t  i  o n  of  the 
installation,  e.g.  in  case  of  mains  failure.  The 
program,  which  is  included  in  the  scope  of 
delivery,  is  stored  in  CMOS-RAM  and  is  protected 
against  voltage  loss  by  buffer  batteries. 

ELECTRIC  SUPPLY  OF  THE  MACHINE 

The  electric  supply  of  the  machine  is  arranged  in 
slide-in  units  and  mounting  plates  and  is 
accommodated  in  the  centra)  switching  cabinet. 

The  mains  supply  includes  the  current  distribution 
for  the  high  voltage,  the  motion  device  and  the 
vacuum  pump  station. 

The  master  switch  is  located  in  the  front  door  of 
the  switching  cabinet 


TECHNICAL  DATA 


PC  CONTROL 


PROCESSOR  Director  4001  Processor  L 

Input  and  output  CPU  designed  for  connection 

of  256  discrete  I/O's 

Program  memory  RAM,  up  to  4Y,  depending  on 

the  d  e  s 1 gn 

Buffer  batteries  Lithium  battery 

3  years  lifetime 

CPU  connections  Up  to  8  tracks  to  receive  a 

maximum  of  256  I/O's 

Monitoring  CPU  with  fault  monitor  and 

display,  se 1 f -check  i  ng 
facility,  discrete  I/O's. 
and  display 

Power  consumption  36  VA 

Voltage  120  V/220  V  AC 

Dimensions  L  x  W  x  H  45?  x  216  x  76  mm 
TRACKS 

Capacity  8  discrete  or  8  data  modules 

Self-checking  Test  modules  plus  track 

facility  Test  track  (switch-selected) 

Power  consumption  30  V  A 
DISCRETE  INPUT  MODULES 

Number  8  Inlets  per  module 

Display  LED  display  for  each  input 

Input  voltage  24  V  AC/DC 

Maximum  voltage  2  x  nominal  voltage  for  10s 

Input  current  20  mA 

Insulation  Separation  by  optocoupler 

a  ax.  1500  V  for  16  ms 


CNC  PROCESS  CONTROL  EBCON  4 

GENERAL  CONCEPT 

The  advantages  of  electron  beam  welding  -  high 
welding  speed,  low  heat  penetration  due  to  high 
energy  concentration,  accurate  repeatability  of 
welding  parameters  -  are  used  by  the  CNC  process 
control  EBCON  4  in  the  most  expedient  way.  This 
control  has  been  designed  by  Messer  Griesheim 
especially  for  electron  beam  and  laser 
applications.  The  computer  not  only  controls  the 
mechanical  axes  of  motion  and  the  switching 
functions  but  also  the  beam  parameters.  The 
control  has  been  designed  for  manual  input  by 
keyboard  and  CRT  display  as  well  as  for  output  and 
input  of  component  programs  by  mini-cassette 
(magnetic  tape).  Paper  tape  r e a d e r / pun c h e s  are 
available  as  an  option.  The  control  program  is 
stored  in  EPROMS  while  data  specific  of  the 
machine  as  well  as  component  programs  are  filed  in 
the  CMOS  -  RAM .  This  memory  can  be  extended  up  to 
400kByte . 

FIELD  OF  APPLICATION 

MG  Industries  has  electron  beam  machines  for 
welding,  drilling  (perforating)  and  surface 
treatment.  Laser  installations  for  welding, 
cutting,  surface  treatment,  drilling. 

MECHANICAL  LAYOUT 

Mobile  19"  cabinet  with  a  CRT  display  on  top  of  it 
and  with  a  retractable  keyboard.  Permanently 
incorporated  cassette  drive.  External  dimensions 
of  the  cabinet: 


W  x  H  x  D  approximately  600  x  1000  x  600mm 

Weight  approximately  70  kg 


Back  panel  and  side  panels  are  removable  for 
servicing  operations 


%  % 


GH3H 


5.4.4 


HARDWARE 

The  following  essential  units  are  Included  in  the 
scope  of  delivery: 

i 

Computer  board  with  16  bit  microprocessor  MG 
6800  and  control  program  EPROM 

Memory  card  32  kByte  RAM  with  battery  backup 
(lithium  battery),  lifetime  approximately  8 
years 

Power  supply 

Closed  loop  position  controls  depending  on 
the  machine  design 

D i g i ta 1  - t o -a na 1 og  converter  for  set  values  of 
bean  parameters  and  beam  deflection 

Path  measuring  systems  on  all  mechanical 
axes,  resolution  0.01  mm  or  0.005  degrees 
respectively  for  axes  of  rotation 

Control  panel,  built  into  the  central  control 
console  for  the  machine 

CRT  display.  24  lines.  80  characters  each 

Alpha-numerical  keyboard  for  editing 
component  programs,  for  data  input  of  machine 
parameters  and  for  interactive  communication 
with  the  computer 

Magnetic  tape  cassette  drive  with  interface. 
40  kByte  per  face  of  the  cassette  (mini¬ 
cassette  for  digital  data)  w r i t i n g / r e a d i n g 
speed  600  c h a r a c t e r s / s e c 

Printer  (optional,  line  width  80  characters, 
printing  speed  80  c h a r a c t e r s / s e c  ) 

Paper  tape  reader/punch  combination 
(optional),  photo-electric  reader  with  a 
reading  speed  of  250  characters  per  second 
and  supply  box  for  folded  tape.  Punching 
speed  30  characters/sec  . 


SOFTWARE 


The  scope  of  delivery  includes  the  editor  program 
ECOPAC  as  well  as  the  process  control  program 
COPAC.  The  teach-in  program  AUPRO  can  be  supplied 
as  an  option. 

Besides  standard  functions  such  as  deleting, 
inserting,  changing  of  characters,  lines,  or 
sections,  the  editor  program  ECOPAC  offers  further 
possibilities  to  facilitate  the  user's  operations. 
This  includes  e.g.  guidance  by  questions  and 
answer  (dialog),  listing  the  available  M- 
functions,  menu  technique  for  program  selection, 
the  possibility  of  carrying  comments,  automatic 
block  number  correction  in  case  of  changes,  also 
in  branch  instructions. 

The  process  control  program  COPAC  Includes  full 
sequence  control  with  many  programming 
possibilities  for  the  user.  With  linear  and 
circular  interpolation  in  the  X/Y  plane,  the 
mechanical  axes  of  motion  as  well  as  beam 
deflection  in  the  X/Y  plane  can  be  controlled. 

The  progr-ammer  will  preselect  whether  the  welding 
contour  in  the  X/Y  plane  is  to  be  performed  by 
moving  the  positioning  table  or  by  beam  deflection 
or  by  combination  of  both  possibilities. 

By  "addition"  of  the  inertia-free  beam  deflection 
(relative  motion  of  the  beam  with  reference  to  the 
workpiece)  to  the  mechanical  motion,  it  is 
possible  to  ensure  speed  tolerance  of  ♦  / -  1  \  even 

on  sharp  corners  or  small  radii  with  high  rates  of 
feed.  This  is  most  important  for  troublefree 
welding.  In  areas  where  the  speed  of  the 
positioning  table  must  be  reduced,  the  relative 
speed  with  reference  to  the  workpiece  is 
maintained  by  beam  deflection.  After  this,  the 
table  motion  is  accelerated  and  the  beam 
deflection  is  controlled  in  the  opposite  direction 
so  that  the  beam  will  reach  its  normal  position 
again  . 


vs  s  >>«. 


This  compensation  of  speed  variations  or 
deviations  from  the  position  set  value  by  beam 
deflection  is  protected  for  Messer  priesheim  by 
patents . 

If  the  machine  is  equipped  wtih  additional  axes, 
these  can  either  be  interpolated  simultaneously 
with  X  or  Y,  or  can  be  positioned  independently. 

The  following  parameters  are  controlled 
additionally: 

Beam  current  from  0  to  maximum  value 
depending  on  gun  type,  resolution  0.1  mA . 

Lens  current  (focal  distance),  range  1  to  3A. 
resolution  1  mA. 

Rate  of  feed  0  to  10  000  mm/min  (depending  on 
axis  drive  system),  resolution  0.1  mm/min. 

All  three  parameters  can  either  be  given  a 
C o n s t a n t  .  va 1 u e  or  can  be  linearly  interpolated. 

For  interpolation,  initial  values  of  parameters, 
end  values  and  the  distances  can  be  programmed, 
upon  which  the  linear  change  is  to  be  effected. 
Thereby  all  relevant  data  for  si  ope- in  and  slope  - 
out  can  be  programmed. 

The  component  programs  are  stored  in  the  RAM 
memory  and  are  marked  by  an  alpha-numerical  name 
with  up  to  six  characters.  About  30  kByte  are 
available  for  this  purpose.  If  required,  the 
memory  can  be  extended  up  to  400  kByte  (30  kByte 
correspond  to  approximately  75  m  punched  tape  in 
the  ASCII  code) 


PROGRAM  INPUT  ACCORDING  TO 

Input  format  DIN  66025  or  EIA  RS  274  respectively, 
special  functions  of  EBCOBN  4  are  not  standardized 

.1 

Input  code  for  paper  tape:  ASCII,  alternatively 
I  SO 

Manual  input  and  editing  by  alpha-numerical 
keyboard,  to  be  checked  on  the  CRT-display 

Filed  programs  are  read-in  directly  or  by  cassette 
or  punched  tape  respectively 

Teach-in  with  the  program  AUPRO  :  Automatic 

programming  in  set-up  operation  by  manual 
positioning  on  the  reference  points  (one  point  for 
straight  lines,  three  points  for  arcs).  Input 
dialog  for  feed  motion,  beam  parameters  and 
machine  instructions. 

Absolute  and  incremental  programming,  selectable 
( G90-G9 1 ) 

Resolutian  0.01  mm  or  0.005  dgerees  respectively 
for  axes  of  rotation 

Direct  feed  rate  programming  in  mm/min 

Continuous  feed  correction  by  potentiometer 
between  0  and  10  0  % 

Dwell  time  programming  up  to  9  999  msec  (G04) 


PROGRAM  OUTPUT 


For  filing  and  date  protection,  the  contents  of 
the  memory  can  be  dumped  on  the  micro-cassette  and 
on  papertape  respectively. 

SUBROUTINE  TECHNIQUE 

Arbitrary  number  of  data  blocks  to  be  defined  as 
subroutine,  repeatable  up  to  999  times 

Nesting  of  subroutines  up  to  five  levels 

Programmable  branches  (conditional  and 
unconditional) 

SAFETY  AND  CONTROL  FUNCTIONS 
Permanent  control  loop  monitoring 
Voltage  supply  monitoring 
Processor  monitoring 

Parity  control  with  external  and  internal  data 
t  r  a  n  s  f  e  r 

i- .1  u  1  t  display  in  rase  of  programming  or  operating 
error 

MACHINE  PARAMETERS 

After  measuring  the  tolerances  of  the  machine, 
correction  values  for  compensation  of  pitch  errors 
of  the  driving  spindles  and  for  correction  of 
possible  backlash  are  entered  These  values  can 
be  adapted  by  the  user  if  required. 


11  CONTROLS  AND  DISPLAYS 

Control  Is  effected  by  a  mu  1 1 1  - f unc t i on  keyboard 
on  the  central  control  console  of  the  machine: 

Incremental  and  continuous  manual  feed 
motions,  jogging  operation,  incremental  feed 
motion  +  /-  0.01:  0.1;  1;  10mm) 

Feed  correction  by  potentiometer  0  to  100\ 

Start/Stop 

Warning  lamp  and  sound  signal 

On  the  display  screen,  the  following  is  indicated 
during  welding  operation: 

The  data  record  being  processed 

The  following  data  record 

Set  values  for  table  position  and  additional 
axes 

Fault  reports 
Additional  functions 

If  specified  in  the  order,  the  CN'C  process 
control  K  B  C  0  N  1  will  take  over  evaluations  of 
signals  from  the  seam  tracking  system  FUP1 
ESC  as  well.  This  unit  can  be  retrofitted. 


Refer  to  OPTIONAL  EQUIPMENT 
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COPAC 


Continuous  path  control  program  for  EB  welding 
machines.  COPAC  includes  the  following  functions: 

1.  Positioning  5  axes 

2.  Continuous  path  control,  interpolating 

linearly  in  2  out  of  5  axes,  10  kc 

3.  Continuous  path  control,  interpolating 


circular  in 
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5  axes,  10  kc 

4  . 
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(  ii  in  t  ions 

Additional  functions  if  equipped  with  seam 
tracking  equipment  FUPI: 

16.  Switchllng  to  seam  tracking  mode 

17.  Programmable  tracking  area  and  direction 

18.  Internal  verification  of  linearity  of  seam 

19.  Welding,  including  the  corrections  found  by 
track i ng 
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CONTROL  CONSOLE 

The  complete  Installation  can  be  operated  from  the 
central  control  console.  It  is  provided  In  front 
of  the  working  chamber  and  designed  in  such  a  way 
as  to  allow  the  operator  to  control  the  machine  in 
sitting  or  upright  position.  The  functional 
arrangemnt  of  setting  potentiometers,  switching 
elements  and  monitors,  combined  with  the  viewing 
telescope,  allow  quick  adjustment  of  beam 
parameters  and  welding  positions.  A  keylock 
pushbutton  protects  the  installation  against 
unauthorized  operation.  An  emergency  stop 
pushbutton  allows  immediate  deactivation  of  all 
control  loops. 

The  control  elements  and  monitors  are  clearly 
arranged  in  the  top  plate  of  the  control  console, 
subdivided  into  three  main  groups: 

Electron  Beam  Control 

All  beam  parameters  can  be  preselected,  adjusted, 
activated  or  displayed  by  means  of  highly  accurate 
switching  and  setting  elements.  This  applies  to 
high  voltage,  beam  current,  lens  current,  cathode 
heating  and  beam  deflection.  A  switch  selected 
digital  instrument  is  used  for  display  of  the  most 
important  parameters  -  high  voltage,  beam  current 
and  lens  current  T  h  e  cathode  heating  current  is 
indicated  by  an  analog  instrument. 

Work  Motion 

The  control  elements  for  all  axes  of  work  motion 
are  combined  on  a  control  panel.  The  speed  o  f 
each  welding  motion  is  continuously  adjustable  and 
is  indicated  in  mm/s  or  rpm  on  a  digital 
instrument . 

Vacuum  Installation 

The  pump  stations  for  chamber  and  gun  are  switched 
by  means  of  luminous  pushbuttons  indicating  the 
specific  status  by  lighting  of  the  corresponding 
symbol 


SEAM  TRACKING  CONTROL  SYSTEM  (FUPI  ENC) 


This  system  serves  for  correcting  automatically 
possible  differences  between  the  position  of  the 
electron  beam  and  the  position  of  the  gap. 

To  eliminate  the  effect  of  residual  magnetic  fields, 
low-powered  electron  beam  is  used  as  a  measuring 
probe  during  one  sensing  cycle. 

The  differences  measured  between  the  desired  and 
the  actual  position  of  the  gap  with  respect  to  the 
electron  beam  are  received  either  by  the  numerical 
control  system  described  under  Optional  Equipment 
or  by  a  special  microprocessor  and  in  the  following 
welding  program  they  are  considered  and  compensated 
by  beam  deflection. 

By  this  procedure  a  possible  thermal  distortion  of 
the  workpiece,  resulting  from  preceding  welding 
cycles,  is  automatically  compensated. 

Certain  conditions  with  respect  to  the  geometry  of 
the  gap  edges  will  have  to  be  considered. 

TECHNICAL  DATA 


+  2.0  mm 


Maximum  deviation 
Tracking  accuracy 


+  0.15  mm 


(+  0.08") 
(+  0.006") 


Installation  for  automatic  welding  groove  detection  and 
positioning  on  EB  welding  machine  with  NC  control. 


FUPI  E-NC 


Problem  definition 

a.  Welding  groove  detection 

The  installation  for  automatic  welding  groove 
detection  determines  the  actual  contour  of  the  groove 
prior  to  welding,  and  stores  it  in  memory.  The  influence 
of  magnetic  fields  is  compensated. 

b.  Positioning  control  causes  the  position  of  the  groove 
and  of  the  beam  to  be  superimposed  according  to  the 
stored  groove  contour  during  the  welding  process. 


Layout 


a.  Mechanical  layout 

A  beam  trap  has  been  provided  in  the  working  chamber  in 
the  gun  opening  area.  It  consists  of  insulated  metal 
plates  with  an  electrically  conductive  surface  and  with 
appropriate  heat  resistance.  Electric  leads  and  electric 
vacuum-tight  feedthroughs  transmit  the  intercepted  signals 
outside  the  chamber. 

b.  Electrical  layout 

An  amplifier  for  the  signals  produced  in  the  beam  trap 
is  provided  on  the  chamber. 


A  control  panel  in  the  control  console  contains  the  few 
sets  of  control  equipment  required  for  operation  of  the 
automatic  groove  detection  and  positioning  control. 


Search i n 
Beam 


e  f I ected 
Elect  rons 


A  sore  accurately  focused 
electron  beam  ("searching  beam") 
is  scanning  over  the  welding 
groove  in  programmed  points , 
thereby  collecting  the  test 
points.  A  portion  of  the 
electron  hitting  the  workpiece 
are  thereby  reflected  (secondary 
electrons) ,  are  captured  by  the 
sensors,  and  transmitted  to  an 
amplifier.  The  amplified  signals 
are  processed  in  the  computer  and 
converted  into  the  "actual 
position"  of  the  groove.  This 
"actual  value"  is  then  compared 
with  the  programmed  "set  value" 
and  the  determined  correction 
values  are  stored  into  the 
program . 


For  a  workpiece  containing  several  welding  contours,  the 
correction  values  for  all  the  contours  can  be  determined  in  a 
single  pass.  But  it  is  also  possible  to  determine  the 
correction  values  individually  for  each  contour  and  to  weld 
these  contours  immediately  afterwards.  This  process  has  the 
advantage  that  the  thermal  deformation  due  to  the  preceding 
welds  will  be  taken  into  consideration  for  the  following 
contours,  and  that  in  addition  it  requires  less  space  in  the 
memory . 

Admissible  shape  of  the  welding  groove  cross  section 

To  ensure  safe  operation,  the  cross  section  of  the  welding 
groove  must  meet  certain  conditions: 

a.  Protruding  edges 


A  step  of  a  O.j  on  the 
workpiece  surface  will  be 
sufficient  or  well  defined 
position  detection. 


8  J__ 
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A  step  running  near  the  welding 
groove  and  maintaining  a  constant 
distance  "b"  from  the  welding 
groove  is  also  suitable  for 
position  detection. 


The  maximum  value  of  the  distance 
"b"  depends  on  the  workpiece  and 
°n  the  fixtures,  and  must  be 
determined  for  each  individual 
application . 


Width  of  the  step  web  "W"  1 


mm . 


Oth, er  welding  groove  cross  sections  can  be  used  if 
appropr  iu;.e  tests,  are  carried  out  . 
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The  welding  groove  is  circular 


If  the  actual  welding  groove  forms  a  circle  the  radius 
of  which  corresponds  to  the  programmed  radius,  but  the 
center  of  which  is  offset  with  respect  to  the  programmed 
center,  groove  detection  is  possible  with  a  special 
program. 

This  program  determines  and  stores  the  positional  offset 
of  all  points  of  the  circle. 


c.  The  welding  groove  is  an  unknown  curve 

If  required,  it  is  also  possible  to  use  the  automatic 
groove  detection  in  this  case.  The  program  required  for 
this  purpose,  however,  must  be  adapted  to  the  marginal 
conditions  of  the  application.  This  requires  consultation 


Positioning  accuracy  to  be  achieved. 

The  position  of  the  electron  beam  across  the  groove 
required  for  welding  is  determined  with  an  accuracy  cf 
+  0.15  mm. 


OPERATING  PROCESS 


a.  Preparing  adjustments 

i  Welding  task  without  NC  welding  program. 

The  width  of  the  searching  zone  (e.g.  4mm),  the 
welding  beam  current,  the  welding  speed,  the  slope 
times  and  the  focal  distance  for  the  searching 
beam  are  to  be  adjusted.  The  starting  point  of 
the  groove  must  be  positioned  under  the  beam. 

ii  Welding  task  with  NC  welding  program: 

No  pre-adjustments  are  required. 

b.  Starting  the  searching  process 

Readiness  for  this  operation  is  indicated  by  a  lamp. 

By  depressing  the  pushbutton  "TRACKING"  the  workpiece 
is  automatically  positioned  from  one  searching  point  to 
the  other,  and  the  actual  groove  position  is  stored. 


nxnm 

c.  If  the  actual  groove  cannot  be  found,  a  warning  tone 
will  sound,  and  the  searching  process  is  stopped. 
Reclosing  is  achieved  by  depressing  the  pushbutton 
"TRACKING." 

Termination  of  the  searching  process  is  indicated  by 
the  extinction  of  the  lamp  "TRACKING." 

d.  Starting  the  welding  process 

Adjust  the  focus  value  for  welding  (only  for  welding 
without  welding  program) 


Initiate  the  welding  process  by  depressing  the 
pushbutton  "WELDING." 
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7.0  OPTIONAL  EQUIPMENT 


7 . 1  TELEVISION  VIEWER 


>5  - 


This  option  provides  for  simultaneous  viewing  through 
the  precision  binocular  unit  or  viewing  on  a  TV  screen. 

The  system  is  equipped  with  a  high  response  RCA  camera 
for  black  and  white  TV  viewing. 

!  This  option  provides  a  color  TV  camera  in  place  of 


The  differences  measured  between  the  desired  and  the 
actual  position  of  the  gap  with  respect  to  the  electorn 
beam  are  received  either  by  the  numerical  control 
system  or  a  special  microprocessor  and  are  considered 
and  compensated  for  by  beam  deflection. 

f 

Possible  thermal  distortion  of  the  wrokpiece  is 
automaticaly  compensated  for  from  preceding  welding 
cycles. 

Certain  conditions  with  respect  to  the  geometry  of  the 
gap  edges  will  have  to  be  considered. 

Technical  Data: 


Maximum  deviation 

«-/- 

2.0  mm 

(  ♦/- 

0.08") 

Tracking  accuracy 

♦  /- 

0.15  mm 

(  */- 

0.006" 

GUN  SYSTEMS 

The  welder  system  can  be  equipment  with  guns  and  power 
supplies  to  provide  additional  weld  power.  The 
proposed  system  includes  a  highly  regulated  8.5  kw  gun 
system. 

Optional  units  are  15  kW,  30  kW  and  60  kW.  Either  of 
these  are  fully  compatible  with  quoted  welder  system 
and  CNC  control. 

SPECIAL  DUAL  TOOLING  CONCEPT 

The  standard  welder  will  be  modified  to  provide  for 
utilization  of  dual  tooling  and  transfer  platforms. 
This  concept  allows  for  welding  of  one  assembly  while 
another  is  being  unloaded  and  reloaded  with  new  parts 
outside  of  the  chamber 

A  special  runout  platform  is  provided  with  storage 
areas  on  either  side  for  the  transfer  platforms.  The 

tooling  I  r  a  11  %  f  0  r  platform  .1  r  e  p  o  w  e  r  e  <1  onto  a  n  d  f  r  o  m 

t  h  e  •;  p  e  (.  1  a  1  X  /  Y  t  a  b  1  e  a  s  s  e  ni  b  1  y 

The  special  tooling  transfer  platforms  will  mount  the 

rotary/tilt  units  for  part  rotation  requirements. 
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